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EVALUATION 


The  objective  of  this  effort  was  to  characterize  specific  linear 
integrated  circuits  having  wide  usage  in  military  systems.  Electrical 
test  procedures  had  to  be  developed  and  evaluated  along  with  detailed 
test  and  burn-in  requirements  for  inclusion  in  MIL-M- 38510  slash  sheets. 
The  effort  was  successful.  A new  quad  op  amp  slash  sheet  (/llO),  con- 
taining five  device  types,  has  been  issued.  These  device  types  cover 
system  range  of  applications  from  low  bias  to  high  speed.  Nearly  90% 
of  all  military  requirements  for  quad  op  amps  in  electronic  systems 
could  be  achieved  by  one  or  more  of  the  listed  device  types.  Because 
of  this  specification,  system  managers  who  in  the  past  experienced 
long  procurement  delays  and  high  specification  and  materiel  costs, 
will  now  be  able  to  procure  quad  op  amps  quicker,  with  higher 
reliability  and  less  cost. 

When  the  program  began,  many  problems  associated  with  existing 
slash  sheets  were  prevalent  limiting  the  number  of  sources  for  each 
device  type.  Therefore,  much  time  was  devoted  to  analyzing  and 
recotmiending  specification  corrective  action.  General  Electric  has 
done  an  excellent  job  in  resolving  the  differences  and  revising  the 
slash  sheets  without  sacrificing  part  reliability.  Revisions  to  the 
op  amp  (/lOlE),  and  comparator  (/103B)  specifications  and  an  amendment 
to  the  line  driver/receiver  (/104)  specification  have  been  issued. 

Complete  rewrites  of  the  positive  voltage  regulator  (/107)  and  precision 
timer  (/109)  specifications  were  also  accomplished. 

To  aid  General  Electric  in  their  characterization  of  quad  comparators 
(LM139  types),  a new  approach  has  been  taken.  Advanced  Micro  Devices 
has  agreed  to  test,  using  their  test  tapes,  recent  sampled  device  types 
from  as  many  manufacturers  that  are  interested  in  the  MIL-M-38510  program. 
The  test  data,  even  though  lacking  in  completeness,  serves  as  a good 
reference.  That  data  is  compared  to  GE  test  data  to  ascertain  if  there 
are  tester  dissimilarities  or  anomalies  that  may  lead  to  false  parameter 
behavior.  A follow-on  effort  will  complete  the  quad  comparator  charac- 
terization and  a slash  sheet  will  be  issued. 

THOMAS  L.  DELLECAVE 

Solid  State  Applications  Section 

Reliability  Branch 
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SECTION  I 
INTRODUCTION 


1.1  Objectives 

The  specific  objectives  of  this  study  are: 

To  electrically  characterize  specific  linear  microcircuit 
devices  for  inclusion  in  MIL-M-38510,  "General  Specifica- 
tion for  f^lcrocircuits  " 

To  develop  test  procedures  based  upon  accepted  techniques 
that  are  compatible  with  automatic  linear  testers,  which 
yield  consistent  results  and  are  least  influenced  by 
tester  parasltlcs 

To  generate  detailed  life-test  and  burn-in  circuits  and 
requirements,  v;hich  will  stress  the  devices  beyond  that 
required  for  most  applications,  but  which  will  be  con- 
sistent with  the  rated  capacity  of  the  device 

To  prepare  detailed  MIL-M-385IO  slash  sheets  which  will 
incorporate  the  results  of  the  above  efforts  into  standard 
format  for  final  issuance 

The  development  of  38510  specifications  is  ultimately  based  upon 
these  general  objectives : 

• STANDARDIZATION  - of  devices,  packages,  tests,  to 
optimize  system  logistics  and  to  achieve  least  cost 
for  parts  of  known  quality  and  reliability 

• .RELIABILITY  - to  maintain  device/system  performance 
with  stress  and  age  in  severe  environments 

• INTERCHANGEABILITY  - to  achieve  repeatable  uniform 
device  performance  despite  lot  variations,  device 
redesigns,  and  multiple  sourcing 

• QUALITY  - to  assure  that  military  standards  are 
maintained  for  a population  of  devices . There  is 
qualification  for  generic  capability,  lot  acceptance 
tests  for  lot-related  parameters,  and  100?^  screening 
for  major  and  critical  parameters;  also,  there  is  manu- 
facturer and  line  certification,  process  documentation 
and  control,  and  government  surveillance. 

The  underlying  objective  of  the  385IO  program  is  lower  life-cycle 
system  cost.  This  is  achieved  by  the  above  objectives  in  the 
following  ways: 
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• Device  obsolescence  is  minimized,  and  redesigns  are 
therefore  prevented . 

• Documentation  and  procurement  tasks  are  reduced;  there- 
fcre,  associated  costs  are  reduced. 

• Sales  volume  and  multi-sourcing  competition  will  reduce 
initial  device  costs.  Higher  reliability  devices  will 
reduce  system  maintenance  costs. 

1.2  Background 

This  effort  began  in  July  of  1976,  and  was  completed  in  a one-  ' 

year  period . At  the  time  that  Ordnance  Systems  began  the 
characterization  effort,  there  was  considerable  controversy  over  . 

the  status  and  content  of  the  existing  linear  slash  sheets.  The 
device  manufacturers  were  outspoken  about  the  ills  of  the  specs 
and  the  alleged  lack  of  government  response  to  their  needs.  In 
order  to  determine  the  appropriate  course  of  action,  it  was 
necessary  to  review  the  history  of  the  spec  developments.  Each 
manufacturer  was  contacted  by  letter  and  by  telephone  and  was 
requested  to  forward  comments  on  the  specs  based  upon  present- 
time  needs.  The  comments  vjere  then  arranged  in  matrix  format 
for  study  and  assessment. 

In  September  of  1976,  the  manufacturers  reactivated  the  JEDEC 
JC-^1  committee  on  linear  IC ' s . Some  of  the  manufacturers  were 
very  outspoken  about  the  number  of  parameters  required  for  test 
and  'che  tight  limits  on  test  parameters.  Other  manufacturers, 
although  similarly  discontented,  wanted  to  address  specific 
problems  that  they  were  experiencing.  Some  of  the  sensitive 
issues  vjere  published  in  news  reports  (ELEGTHONIC  ’ S BUYERS  NEVJS, 
ELECT’RONIC  ENGINEERING  TIMES)  which  did  not  put  the  issues  in 
proper  perspective.  By  the  third  JC-41  meeting,  much  of  the 
philosophy  concerning  the  specs  was  resolved,  and  the  problems 
with  the  specific  slash  sheets  were  addi^essed.  It  took  three 
additional  meetings  before  the  bulk  of  the  work  on  the  exlsuing 
slash  sheets  'was  completed  to  the  satisfaction  of  the  government 
and  the  majority  of  the  manufacturers. 


l.R  General  Philosophy  for  Test  Parameters 

Test  parameters  are  generally  de;'‘ived  from  manufacturer's 
■'■'ecommendations , from  user  design  parameters,  and  from  the 
reliab;'' 11 'y  paramete ■'’s  required  for  qucility  assur’ance  and  con- 
fo’mair’e.  An  op  amp,  for  example  has  many  parameters  that 
i-eq'.ii  ’e  testing.  "Front  end"  characteristics  such  as  input  bias 
CL. '’rent.s , offset  vol‘;a.  ;e  and  current,  and  temperature  coefficients 
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are  important  to  both  reliability  and  design  engineers.  Further 
relJ.ability  assurance  is  achieved  by  screening  and  operating 
life  "delta"  measurements  of  selected  critical  parameters. 

Other-  parameters,  more  significant  to  the  designer,  are  common 
mode  rejection,  power  supply  rejection,  output  short-circuit 
current,  output  noise,  output  swing,  supply  current  drain,  open- 
loop  gain,  slew  rate  and  transient  response. 

Parameter  limits  are  always  a sensitive  issue  for  the  maker, 
since  yield  is  so  dependent  upon  the  limit j.  If  two  parameters 
on  a chip  each  have  a yield  of  80^,  the  overall  yield  is  6U^. 

Put  two  of  these  chips  in  a dual  package,  and  the  yield  drops  to 
^1%;  for  quads,  the  net  yield  becomes  17^.  Obviously,  with  a 
large  number  of  parameters,  yields  could  get  very  low  even  if  no 
sing.le  parameter,  by  Itself,  has  low  yield.  Since  final  electi-i- 
cal  tests  are  performed  after  assembly,  there  is  nothing  to  be 
salvaged  on  the  fallout,  and  these  devices  (other  than  catastro- 
phic failures)  will  most  likely  become  the  "385IO  processed"  or 
"JAN  processed"  devices,  which  in  essence  are  not  guaranteed  to 
meet  all  limits  of  3851O. 

VJhen  all  is  said  and  done,  'he  selected  non-superf lows  para- 
meters (when  successfully  tested)  will: 

• assure  higher  reliabi‘'lty  over  a system  life-cycle 

• constrain  the  pej’formavice  of  the  devices  within  stated 
limits 

• provide  the  usee  with  necessary  desi.f.n  information. 

1.''  General  Phllosoph.y  foe  Parameter  Limits 

’■/hen  a manufacturer  ori'i-inal'os  a device  design  and  -jants  to  set 
po.rameter  limits,  he  talres  -a  careful  look  at  'lata  from  pilot  rur.s 
ad'''s  some  room  for  prut'.-.y  i ty-i-iot  variabil ty , and  romes  up  vjith 
a data  sheet.  Another  mar.'u  factu  ""er  decides  to  produce  "the  sa'.ie" 
part;  however,  he  may  fi-'-st  decide  to  improve  upon  one  or  tvio 
parcimeters  that  might  riive  him  a competitive  edge.  A third 
make''’  may  enter  the  marketplace  for  that  device  v;lth  a design 
that  also  meets  the  0''i':ina]  data  sheet  specs . But  unless 
identl::al  masks  and  processes  are  used  (not  feasible),  the  device 
performance  cannot  he  eo;;).;' valent  in  all  respects.  And  what 
about  the  parameters  that  aren't  on  the  o3''iginal  data  sheet,  or 
are  shown  oniy  as  "typical"  characteristics ? 


Thus  evolves  the  first  constraint  for  the  spec  vjrlter:  set 
limits  that  will  permit  acceptable  yields  for  several  sources 
taking  into  account  manufacturer  to  manufacturer  variability. 

On  the  other  hand,  there  are  advantages  to  tight  limits.  These 
show  up  at  the  user  level . A parameter  like  offset  voltage 
might  be  set  at  five  millivolts  and  find  wide  application.  At 
four  millivolts,  it  would  Include  perhaps  others.  So  tighter 
limits  lead  to  wider  useage,  and  fewer  device  types  per  system, 
which  leads  to  easier  procurements,  less  documentation,  less 
system  maintenance,  and  ultimately  lower  life-cycle  cost.  Need- 
less to  say,  the  designers'  tasks  are  eased  when  there  is  less 
device  variation  to  account  for,  and  system  performance  will 
most  likely  benefit.  The  added  benefit  of  consistent  device 
performance  minimizes  the  chance  of  system  problems  due  to 
device  nonuniformity.  Unfortunately,  a major  penalty  accompanies 
tight  limits,  and  that  is  device  cost.  If  yields  decrease,  costs 
have  to  increase.  Some  users  argue  that  tight  device  limits  are 
not  required  for  their  system  designs,  and  that  the  specs  should 
not  penalize  the  average  user  because  of  the  needs  of  a few  super 
users  who  require  superior  device  characteristics . 

In  the  midst  of  this  controversy  is  the  issue  of  reliability. 
Parameters  and  limits  control  the  device  performance,  and  con- 
tribute somewhat  to  achieving  reliability.  The  other  major 
factors  which  ensure  high  reliability  are  burn-in,  quality  con- 
formance groups,  process  qualification  and  control,  and  life 
tests  . For  life  tests  . end  point  limits  and  deltas  for  critical 
reliability  parameters  are  given.  Usually,  these  tests  require 
measurement  of  certain  parameters  (such  as  input  offset  voltage, 
input  bias  current)  at  room  temperature  before  and  after  a 
1000-hour  life  test  at  elevated  temperature.  The  drift  which 
occurs  over  this  life  test  is  given  a delta  limit,  which  Is 
often  a very  small  amount.  Tester  accuracy  and  repeatability 
of  test  measurements  influence  results  and,  therefore,  mask  the 
true  drift  somewhat. 

For  specifications  that  were  already  in  existence  (when  GEOS 
began  this  study),  user  impact  was  a major  concern.  Changing 
parameters/limits  on  signlfjcant  design  parameters  would  make  it 
necessarj^  for  a user  to  reassess  all  of  his  hardware  designs  in 
order  to  determine  effects  on  equipments.  Consequently,  for 
devices  which  had  qualified  sources  for  procurement,  changes  to 
design  parameters  were  avoided . A prime  example  of  this  is  the 
7^1  Op  Amp,  a very  popular  device  for  commercial  and  military 
equipments.  Front-end  changes  '■••equeEted  by  the  manufacturers 
v;ere  not  recommended  since  hardwarein  the  Pleld  might  be 
adversely  affected . 
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A summary  of  the  philosophy  which  has  evolved  for  setting 
realistic  limits  for  new  slash  sheets  Is  this: 


• The  Industry  data  sheet  and  the  JC-41  Committee  recommend- 
ations are  prime  sources  for  limits . A general  tighten- 
ing of  limits  "until  someone  hollers"  Is  rn  longer  a 
philosophy  (if  It  ever  was). 

• Limits  recommended  must  be  Justified  by  sufficient  manu- 
facturer data,  to  be  assessed  by  engineering  Judgment 
and  supplemented  by  government-generated  data. 

• The  choice  of  limits  should  be  consistent  with  the 
device  technology  and  with  t he  capabilities  of  testers 
and  test  methods  in  common  use. 

• Unnecessarily  loose  limits,  which  may  Introduce  non- 
uniformity or  interchangeability  problems,  must  be 
avoided . 

• Unnecessarily  tight  limits,  which  permit  only  one  source 
to  become  qualified,  are  not  permitted. 

• Temperature-dependent  parameters  will  be  specified  wlth^ 
two  sets  of  limits;  one  set  at  25°C,  and  another  at  -55  C 
and  +125°C.  The  same  philosophy  holds  true  for  common- 
mode-dependent parameters. 

• Operating  life  delta  limits  will  be  consistent  with 
device  technology  and  test  equipment  resolution  and 
repeatability . 

1.5  Scope  of  Applied  Effort 

Three  categories  of  work  effort  were  performed  on  this 
contract : 

(1)  Generation  of  new  detail  slash  sheets  (Quad  Op 
Amps  /no,  and  Quad  Comparators  /111). 

(2)  Resolution  of  problems  on  existing  detail  slash 
sheets . 


(3)  Rewrites/characterization  of  proposed  detail 
slash  sheets  (Voltage  Regulators  /107,  and 
Precision  Timers  /109) . 
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SECTION  II 

APPROACH  TO  ELECTRICAL  CHARACTERIZATION 

2.1  Introduction 

The  approaches  to  electrical  characterization  varied, 
depending  upon  whether  or  not  the  devices  were  previously 
characterized  on  an  existing  slash  sheet.  For  slash  sheet 
devices  which  had  qualified  sources,  the  impact  of  change  upon 
the  user  was  a major  concern.  For  new  slash  sheets,  and 
rewrites  of  proposed  slash  sheets,  user  impact  was  of  less 
concern . 

2.2  Existing  Slash  Sheets 

For  devices  previously  characterized  and  specified,  the 
approach  consists  of  the  following: 

* Review  history  of  the  development  of  the  original 
spec  to  the  extent  that  existing  documentation 
permits . 

* Review  written  comments  from  manufacturers  and 
users,  and  solicit  up-to-date  comments  from  device 
manufacturers  and  the  JC-41  Committee. 

* Summarize  comments  in  matrix  format  for  study 
and  analysis. 

* Obtain  device  data. 

* Perform  laboratory  evaluation  of  sample  quantities 
of  devices . 

* Assess  impact  of  change  upon  users. 

* Make  recommendations  for  changes,  if  any. 

* Review  changes  vJith  JC-41  Committee,  manufacturers, 
users,  and  govei’inient . 

* Incorporate  chanp;es  into  a slash  sheet  revision 
or  amendment. 

2.3  New  Slash  Sheets 

The  general  approach  to  new  device  characterization  and 
generation  of  slash  sheets  consists  of  the  following  tasks: 
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New  Slash  Sheets  - (Continued) 

• Assess  and  select  candidate  device  types,  based 
upon  documented  user  needs  and  manufacturer  and 
government  recommendations.  One  source  of  user 
Information  Is  the  Military  Parts  Control  Group 

at  DESC . Others  are  the  012  Solid  State  EIA  Device 
Committee  and  the  Microelectronics  Projects  Group 
of  the  Electronic  Systems  Committee  of  AIA . 

• Perform  preliminary  lab  evaluation  and  analysis 
of  sample  quantities  of  the  candidate  devices  to 
determine  suitability  for  military  applications. 
Typically  this  effort  Is  performed  using  the 
Tektronix  577  Curve  Tracer  Cv»ith  appropriate  adapters) 
and  using  other  standard  laboratory  Instruments. 

• Perform  reliability  assessment  and  analysis. 

• Obtain  proposed  test  circuits,  parameters,  test 
conditions  and  limits  from  the  JC-41  Committee. 

• Obtain  test  data  from  manufacturer's  samples. 
Typically,  10  or  more  samples  are  solicited  from 
each  manufacturer  via  RADC,  markings  are  removed, 
devices  are  serialized  and  Identified,  and  then 

the  group  of  devices  Is  returned  to  one  manufacturer 
who  has  agreed  to  test  and  record  data  using  his 
standard  factory  automatic  tester.  Copies  of  the 
data  are  forwarded  to  all  other  manufacturers  of 
the  part. 

• Evaluate  test  circuits;  correct  any  deficiencies 
that  are  Identified. 

• Develop  automatic  test  capability  at  GEOS. 

Typically,  the  Tektronix  S3260  Test  System  is 
used.  A test  program  and  a device  adapterare 
developed  and  proofed  by  correlating  data  between 
the  automatic  tester  and  a bench  test  method . 

• Procure  devices  from  distributors,  for  random 
selection . 

• Perform  tests  and  record  data.  A portion  of  the 
manufacturer-supplied  devices  Is  also  tested  to 
uncover  device  anomalies . 

• Reduce  data  from  all  sources.  Calculate  mean, 
standard  deviation,  and  minimum/maximum  values. 

Plot  histograms  of  the  data. 


2.3  New  Slash  Sheets  - (Continued) 

• Compare  data  with  published  Industry  data  sheets. 
Make  recommendations  for  limits. 

• Review  proposed  limits  with  all  concerned  parties. 
Make  final  recommendations. 

• Finalize  burn-ln  circuits.  Complete  the  specifi- 
cation. 

2.4  Influence  of  Existing  Specifications  on  New  Slash  Sheets 

Existing  specifications  are  considered  an  Important  source 
of  information.  However,  many  of  the  existing  linear  specs  have 
been  very  troublesome  to  the  manufacturers,  and  repetition  of 
old  problems  must  be  avoided.  For  example.  Quad  Op  Amps  are  a 
natural  outgrowth  of  Op  Amps.  The  parameters  and  test  conditions 
that  were  developed  for  Op  Amps  (385IO/IOI)  are,  for  the  most 
part,  applicable  to  the  Quad  Op  Amp  spec  (385IO/IIO)  with 
additional  parameters  required  for  channel  separation. 

Other  specifications  planned  for  characterization  might 
be  in  a totally  different  generic  class,  and  have  no  precedents. 
Examples  of  this  are  A/D  and  D/A  converters . Even  In  this  case . 
there  are  some  precedents  in  many  of  the  specifications  previous- 
ly developed  for  digital  logic  devices.  Each  generic  class  has 
Its  unique  characteristics  that  have  to  be  fully  specified  In 
the  interests  of  achieving  repeatability  and  Interchangeability . 
Existing  specs  often  can  form  a guideline  or  base  to  build  upon. 

2.5  Coordination  via  JC-41  Committee 

The  JC-41  Committee  on  Linear  IC's  Is  now  an  effective 
organization  which  has  opened  the  way  to  organized  communication 
with  device  manufacturers.  Prior  to  the  establishment  of  this 
committee,  the  spec  writer  had  to  communicate  with  manufacturers 
one  at  a time.  There  was  little  opportunity  for  candid  communi- 
cation among  makers  and  spec  writers . Often  one  maker  did  not 
know  what  the  other  was  saying  or  how  to  request  spec  changes . 

The  JC-41  Ccm:r;i  :,ee  meetings,  supplemented  by  frequent 
task  group  meetings,  ailov;  for  open  discussion  of  problems, 
proposals  for  limits,  parameters,  test  circuits,  and  new  device 
candidates  for  future  slash  sheets.  The  meetings  of  the  parent 
committee  are  attended  by  GEOS,  FIADC,  DESC,  and  a few  users,  so 
that  all  concerned  par  ies  have  a voice  in  decisions  that  are 
made.  One  possible  disadvantage  of  voting  ondecisions  is  that 
the  high-quality  maker  ma;''  be  undone  by  a majority  vote.  For 
this  reason,  G.^CS  and  tae  government  make  the  final  decisions 


2.5  Coordination  via  JC-41  Committee  - (Continued) 

after  objectively  assessing  all  of  the  comments  and  recommenda- 
tions from  the  committee.  The  task  groups  also  offer  a con- 
venient mechanism  for  alerting  manufacturers  to  specific 
problems  as  they  occur,  and  for  requesting  a "unified"  course  of 
action . 


The  existence  of  such  a committee,  so  long  as  it  is 
properly  supported  by  all  manufacturers,  takes  much  of  the  com- 
munication burden  off  of  the  spec  writer  and  allows  him  to  spend 
his  contract  time  more  effectively  on  device  characterization. 

We  therefore  strongly  endorse  the  role  of  the  JC-41  Committee 
in  38510  activities. 
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SECTION  III 

QUAD  OPERATIONAL  AMPLIFIERS 


3.1  Background  and  Introduction 

As  large  scale  integration  (LSI)  is  becoming  more  common- 
place in  digital  circuit  mechanizations,  increased  circuit 
densities  are  coming  to  linear  circuits.  User  need  and  vendor 
capability  are  instrumental  in  developing  the  quad  operational 
amplifier.  Because  of  pin  out  restrictions,  the  new  quad  op 
amp  species  do  not  have  offset-voltage-adjust  capability  or 
external  frequency  compensation.  Power  is  common  for  all  four 
op  amps  in  the  package . 

In  the  MIL-M-38510/110  specification  for  quad  operational 
amplifiers,  most  of  the  parameters  and  test  conditions  are 
borrowed  from  the  /lOl  specifications  on  single  op  amps.  This 
also  afforded  a review  of  the  /lOl  specification  that  otherwise 
would  not  have  been  necessary. 

In  choosing  the  device  types  to  be  specified  in  the 
document,  a review  of  vendor  spec  sheets  was  conducted  and  the 
more  promising  devices  were  characterized.  In  selecting  one 
device  over  other  candidates . the  status  and  market  potential 
of  the  chosen  device  is  enhanced . In  order  to  be  as  impartial 
as  possible,  recommendations  from  the  Joint  industry  JC-^1 
Committee  wore  solicited.  The  JC-41  Committee  also  provided 
recommendations  On  limits  and  test  conditions. 

3.2  Descriptions  of  Device  Types 

3.2.1  General  Characteristics 

All  quad  op  amps  possess  certain  common  characteristics. 
The  individual  amplifiers  are  similar  to  single  operational 
amplifiers,  except  that,  because  of  pin  out  restrictions, 
external  compensation  and  offset  voltage  adjustment  are  not 
available  options.  All  have  a differential  input  stage  in  order 
to  provide  high  gain  for  differential  signals  and  much  lower 
gain  for  common-mode  signals.  These  two  Inputs  are  called 
Inverting  (-)  and  non-inverting  (■(-)  for  their  polarity  with 
respect  to  the  output  signal.  Different  techniques  are  used  in 
the  design  of  these  front  ends,  depending  on  the  electrical 
parameters  to  be  enhanced.  Lc-^-  input  offset  voltage,  lovj  bias 
currents,  high  gain,  high  input  impedance  and  high  common  mode 
rejection  are  the  main  desired  input  chai’acteristics  . A level- 
shifting  stage  which  provides  further  gain  couples  the  signal  to 
the  output.  Internal  frequency  compensation  is  generally 
applied  to  the  in-between,  level-shifting  stage.  The  output 
stage  almost  always  is  in  the  form  of  a complementary  emitte’ 
follower  to  provide  a sin'de-endr-’ . low-impedoi  ce  . u'*'  > '■ 

signal . 


Current  limiting  is  generally  Incorporated  in  the  output 
stage  so  that  shorts  to  ground  do  not  damage  the  op  amp.  Pro- 
tection for  shorts  to  either  supply  voltage  also  exists  but  can 
not  be  saarantPed  over  the  full  temperature  range  because  the 
175°C  maximum  Junction  temperature  will  be  exceeded. 

Since,  from  an  application  point  of  view,  op  amps  are 
generally  connected  with  external  negative  feedback  to  establish 
a precision  gain,  frequency  compensation  must  be  applied  for 
stability  reasons.  Each  gain  stage  of  an  op  amp  has  an  associa- 
ted break  frequency  at  which  the  gain  rolls  off  from  its  DC 
value . An  accompanying  phase  shift  of  45°  occurs  at  the  break 
frequency.  This  increases  to  90°  at  ten  times  the  break  fre- 
quency. If  the  sum  of  the  stage  phase  shifts  equals  180°  before 
the  loop  gain  magnitude  has  been  rolled-off  to  unity  or  0 db, 
the  amplifier  will  oscillate.  An  internal  frequency  compensa- 
tion capacitor  connected  across  a gain  stage  provides  a Miller 
effect  capacitance  to  roll  the  gain  off  at  20  db/decade.  In 
this  way  the  gain  is  reduced  before  the  stage  phase  shifts  can 
render  the  system  unstable. 

3.2.2  Unique  Device  Characteristics 

The  following  devices  were  chosen  early  in  the  character- 
ization effort  to  be  candidate  types  for  the  /llO  specification. 
These  selections  were  based  on  JC-41  recommendations,  user 
anticipated  need  and  enough  difference  in  a major  parameter 
to  warrant  another  device  type  category. 

3. 2. 2.1  Device  type  01  (LM148) 

This  device  is  a general  purpose  op  amp  with  character- 
istics similar  to  the  /lOl-Ol  (741).  NPN  transistors  are  used 
in  the  input  stage , This  yields  positive  polarity  input  bias 
current.  Its  offset  voltage  specification  is  worse  than  its 
single  counterpart  (i.e.,  mV  versus  +4  mV  over  the  military 
temperature  range,  -55°C  < TA«d.25°C  . ) The  only  parameter  where 
this  quad  op  amp  is  better  than  its  single  counterpart  is  in 
supply  current  (i.e.,  4.5  ma  for  4 oo  amps  versus  4.2  ma  for 
one  op  amp  at  -55°C).  Five  picofarads  of  Internal  compensation 
capacitance  gives  the  device  a specified  transient  response 
rise  time  of  one  microsecond  (maximum)  . A schematic  of  one  op 
amp  in  the  device  is  shown  in  figure  3-1. 

3. 2. 2. 2 Device  type  02  (LM149) 

The  cha^acterlstice  of  this  device  are  identical  with 
type  01  except  for  frequency  compensation.  Instead  of  conven- 
tional unity  gain  compensation,  this  op  amp  is  compensated  for 
a minimum  closed-loop  gain  of  5.  Thus  the  bandwidth  is  extended 
by  a factor  of  five. 
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3. 2, 2. 3 Device  type  03  (4156/47^1) 


Figure  3-2  shows  device  type  03.  It  has  a PNP  differen- 
tial input  and,  consequently,  negative  polarity  bias  current. 

At  the  expense  of  power  supply  current,  type  03  has  a faster 
transient  response  and  lower  noise  specs  than  type  01. 

3. 2. 2. 4 Device  type  04  (4136) 

Device  type  04  Is  very  similar  to  the  type  03  except  for 
its  non-standard  pin  out.  In  general  its  specifications  are 
more  liberal  than  for  the  type  03 . It  is  one  of  the  oldest 
quad  op  amps  and,  consequently,  has  many  vendors.  By  specifying 
this  device  in  /llO,  existing  user  applications  are  better 
protected  than  they  would  be  otherwise . This  device  is  not 
recommended  for  new  design.  The  schematic  is  shown  in  figure 
3-3. 


3. 2. 2. 5 Device  type  05  (LM124) 

All  the  previously  mentioned  op  amps  require  dual  power 
supplies.  Device  type  05,  on  the  other  hand,  is  meant  to  operate 
from  a single  supply.  Its  main  advantage  is  in  low  power  and 
single  power  supply  applications.  The  input  stage  is  designed 
with  PNP  transistors  thus  permitting  the  common  mode  range  to 
include  ground . The  output  stage  has  a 50  uA  pull-down  current 
source  so  that  it  can  swing  to  ground  for  light  loads . Compared 
to  the  other  quad  op  amps  in  the  /llO  family,  the  type  05  has 
the  most  liberal  specifications  since  there  is  a decrease  in  per- 
formance characteristics  when  -Vcc  is  at  the  same  potential  as 
ground . Where  TTL  interfacing  is  needed  this  device  can  be  used 
with  a pull-down  resistor.  Unlike  a TTL  output,  the  output  of 
this  device  is  much  stronger  on  sourcing  than  sinking  current. 
Device  type  05  is  shown  in  figure  3-4. 


3.3  Characterization  Effort 

A characterization  effort  should  be  an  In-depth  study  of 
candidate  devices  to  determine  parameters,  limits,  and  unspeci- 
fied characteristics  and  anomalies.  This  should  be  done  on 
unsc.reened  mil-temp  devices  so  that  the  problems  (if  any)  can 
be  discovered.  Finally,  if  serious  deficiencies  are  discovered 
the  device  should  not  be  specified  In  a slash  sheet.  Even  if 


the  deficiencies  are  fully  documented  in  a slash  sheet,  poten- 
tial users  are  not  likely  to  discover  them  until  it  is  too  late 
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3.3.1  Initial  Characterization  Devices 

Device  Type 

UA3503D 
MC3503 
RM3503DC 

RM4136 
uA4136dm 
RM^136 

LM124 
LM124 
LM124 

LM148 

These  devices  were  initially  evaluated  using  a Tek- 
tronix 577  curve  tracer.  This  instrument  was  adequate  for 
looking  at  the  variation  of  one  parameter  versus  another  on  a 
small  sample  basis.  Photographs  of  various  parameter  displays 
are  shown  in  the  data  section.  Since  the  57T  has  a storage 
screen,  several  families  of  curves  could  be  observed  simultane- 
ously, 

3.3.2  Curve  Tracer  Observations 

Same  general  observations  resulting  from  a review  of  the 
oscillographs  are  as  follows: 


Vendor 

Fairchild 

Motorola 

Raytheon 

Raytheon 

Fairchild 

T.I. 

National 

Raytheon 

Signetics 

National 


3. 3. 2.1 


In  some  cases,  offset  voltage  Increases  with  reduced 
supply  voltage. 

3. 3. 2. 2 

Over  the  common  mode  voltage  range,  input  bias  current 
varies  directly  with  a characteristic  shape  composed  of  resis- 
tive and  constant-current  elements. 

3. 3. 2. 3 

Gain  curves  become  increasingly  non-linear  with  increased 
loading.  Also  the  trace  (as  it  is  being  generated)  tends  to 
have  a hystersis  effect  such  that  the  sweep  in  one  direction 
dees  not  coincide  with  that  in  the  other  direction  miess  the 
sweep  ra.'^.e  is  slowed  down  considerably. 

3. 3. 2. 4 


The  LM124,  ween  osed  with  dual  supplies,  has  a signifi- 
cant dea ihand  "reike"  in  its  voltage  gain  characteristic. 
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3. 3. 2. 5 


The  characteristic  gain  non-linearity  of  a device  type 
is  repetitive  with  like  devices  almost  as  a signature. 

3. 3. 2. 6 

Quantatlve  values  for  common  mode  rejection  and  power 
supply  rejection  can  be  calculated  from  points  on  the  curves, 
but  this  method  is  very  time  consuming  compared  to  automatic 
methods  . 


3*3.3  Tektronix  S-3260  Automatic  Testing 

In  order  to  accumulate  sufficient  data  for  characteriza- 
tion in  a reasonable  amount  of  time,  automatic  test  methods 
would  have  to  be  employed.  To  this  end,  a test  program  was 
written  for  a Tektronix  S-3260  tester.  A special  interface  card 
was  built.  Before  taking  the  data  on  the  available  devices  at 
RADC,  a survey  was  made  of  all  known  quad  op  amps  and  their 
parameters.  This  chart  is  shown  in  table  3-1.  Prom  this  chart 
and  recommendations  of  the  JC-41  Committee,  the  following 
candidate  devices  were  tentatively  selected  as  /llO  device 
types . 


Device  Type 

Comm.  Type 

Description 

01 

LM148 

Medium  Power  7^+1  Type 
Performance 

02 

LM149 

Under  Compensated  (Medium 
Speed)  Version  of  01 

03 

4741/4156 

Medium  Speed,  Low  Noise 

04 

4136 

Medium  Speed  . Lov;  Noise 
(Alternate  Pin  Out) 

05 

LMl  24 

Single  Supply,  Low  Power 

The  S-3260  test  fixture  and  the  MIL-M-385IO/IIO  static 
test  circuit  wer’e  develooed  s imul taneo\!sly  as  shown  jn  figure 
3-5*  How  this  test  circuit  and  the  S-3260  are  configured  for 
the  various  parameters  is  shown  in  table  3-^. 

A typical  data  output  sheet  on  a sitigle  device  is  sho’wn 
in  table  3-3*  The  time  required  to  take  these  measurements  over 
the  te:iperature  range  and  print  out  the  results  v?as  unde^  four 
minutes.  The  data  v;as  also  logged  into  file  so  that  a sta*'isti- 
ghI  analysis  of  the  data  couid  be  performed.  Table  3-^+  shov;s  a 
typical  statistical  summary  o'f’  offset  voltage  Vi  0 for  a single 
condition  of  common  mode  voltaue  (-15V)  and  temperature 
on  l4  LMi^S  quad  op  amps  (pi  op  amps). 


ITI-7 


Table  3-1  • Q.uad  op  amp  comparison  chart 
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Table  3-1.  Quad  op  amp  comparison  chart  (Continued) 
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Table  3-1.  Quad  op  amp  comparison  chart  (Continued) 
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Table  3-2.  Table  of  static  test  circuit  conditions 


Para- 

Tietei* 

Sy'nbol 


Applied  Voltaj^es 
02,  03,  04 


rPS 


-PS 


Relay  States  6/ 
Notes  (1=0N,  0-=0FF) 


■‘•Vcc 

1 

a 

Va 

I Vcc 

-Vcc 

3r 
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able  3-2.  Table  of  static  test  circuit  conditions 


Measure 


Value  Units 


Measured  Parameter 


Equation 


V VjQ  •■=  El,  Eg-  E3,  E4 


Ho  = (Ei-E5)x106, 


)xlo6,  (E'^-E7)x10^, 
3 . Rs 


"OSl 


.06,  (E^-Eii)x1o6 


(M-E12)x106 


El '.-Et  )xl0O,  (Ei4-E?)xl0 


-t-PSRR  = (E3-E1Y)  X 100 


-PSRR  - (E3-E18)  X 100 


CMR  = 20  log  30000 

EP^ 


jV/V 


B 


11 


ios(-0 

= Tosi 

TOS(-) 

= l0S2 

Tec  : 

-CC 

4-'T 

(Ro)l 

-Vop  - 

(R'0)2 

fVop  - 

( Eo ) 3 

i 
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Table  3-2.  Table  of  static  test  circuit  conditions  (Continued) 


Para-  -01,  02,  03,  04 
^Tieter  ' 


Applied  Voltages 
03,  04  I -05 


-^cc 

Va 
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-20 

-20 

20 

-20  i 

20 
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'^VS(  + ) 


^■vs 


vs 


‘'’1(30) 


J 


TTI-14 


Relay  States  6/ 
Notes  (1=0N,  0=0F?) 


K3  K6  Kq  Ko 


-30 1 Rl=  0 0 1 10 
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0 1 
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0 0 0 
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0 0 
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Table  3-2.  Table  of  static  test  circuit  conditions  (Continued) 


Table  3-2.  Table  of  static  test  circuit  conditions  (Continued) 


MOTES : 

\/  Selection  of  the  op  amp  under  test  is  made  with  relay 
contacts  K^,  K2>  Ko  and  K4 . Use  the  parameter  table 
to  determine  the  relay  contact  states  for  each  test . 

2/  Common  mode  rejection  is  calculated  using  the  offset 
voltage  values  measured  at  the  common  mode  range  end 
points  . 

Stabilizing  capacitors  may  be  added  as  required  if 
needed  to  prevent  oscillation.  Also,  proper  wiring 
procedures  shall  be  followed  to  prevent  oscillation. 

Loop  response  and  settling  time  shall  be  consistent 
with  the  test  rate  such  that  any  value  has  settled 
for  at  least  5 loop  time  constants  before  the  value 
is  measured . 

hj  Precautions  shall  be  taken  to  prevent  damage  to  t e D.U.T. 
during  insertion  into  socket  and  change  of  switch 
positions  (e.g.  disable  voltage  supplies,  current  limit 
etc . ) . 

5/  I^s  = 20  K-n-for  -01,  02,  03,  04  and  05 . 

6/  The  relays  are  shown  to  indicate  circuit  test  connections 
only.  They  are  not  required  for  the  actual  test  mechan- 
ization. 1 and  0 refer  to  the  energized  and  de-energized 
states  of  the  relays  . 

'Jj'  Only  one  op  amp  at  a time  shall  be  tested  with  a short 
to  ground  for  t ^ 25  tis  . 

3/  Any  oscillation  greater  than  3OO  mV  in  amplitude  (pk-pk) 
shall  be  cause  for  dev’ce  failure. 

5/  To  minimize  ther*mal  drift,  the  reference  voltage  for 

gain  measurement  E3  shall  be  taken  immediately  prior  to 
or  after  the  reading  corresponding  to  device  gain  (Spq, 
E2?,  Eprj  and  Eqii ) . 

1.0,-'  All  resistors  are  tolerance,  capacitcnc  a:'’e 

tolerance . 

11/  Adequate  settli.ng  time  shall  he  allo'.'jed  such  that  ea''’h 
parameter  has  settled  to  5/  ^f  its  final  value. 

1?/  Popcorn  noise  (E(j)8  shall  be  measured  for  15  seconds. 

Bvoo.c  : and  noise  (Ec)?  shall  be  me.osured  with  an  UMS 
voltmeter  with  a handv;idth  ..f  10  Uz  to  5 KMz  . 


III-16 


g 


Table  3-2.  Table  of  static  test  circuit  conditions  (Continued) 
NOTES : 

13/  Saturation  of  the  nulling  amplifier  is  not  allowed  on 
tests  where  E value  is  measured . 

1'-^/  The  load  resistors  (20^0^  and  11.1  K-n_  ) yield  effec- 
tive load  resistances  of  2KJ^.  and  10  Kju  respectively. 

13/  The  equations  take  into  account  both  the  loop  gain  of 
1000  and  the  scale  factor  multiplier,  so  that  the 
calculated  value  is  in  table  3-2  units.  Therefore,  use 
measured  value/units  in  the  equations,  l.e.,  Ei  (volts). 

16/  The  programmable  current  source  is  used  to  exercise  the 
drive  capability  of  device  type  O'^  for  sourcing  I.^Tr  and 
sinking  Iql- 
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STATS  AT  1 PROM  148ALL .LOG :OPA  16:15:00  11  APR  7? 

VIO  AT  5,-35,  15  148;  TEMP  = -55  oc 

LOWEST  VALUE  = 32.00000M  HIGHEST  VALUE  = 2.340000 

MEAN  DEVIATION  = 407.4358M  MEAN  - 689.36O8M 

STANDARD  DEVIATION  = 538.9003M  NUMBER  OP  SAMPLES  - 56 


PEliCEMT  IN  ONE  SIGMA  = 75.00 
PERCENT  IN  TWO  SIGMA  = 94.64 
PERCENT  IN  THREE  SIGMA  = 98.21 


NUMBER  OP  MEASUREMENTS  BETWEEN 


0.000 

AND 

120. OM 

= 

5 

120. OM 

AND 

240. OM 

6 

240. OM 

AND 

360. OM 

= 

7 

360. OM 

AND 

480. OM 

3B 

6 

480. OM 

AND 

600 .OM 

= 

5 

600. OM 

AND 

720. OM 

5 

720. OM 

AND 

840  .OM 

7 

840 . OM 

AND 

960. OM 

960. OM 

AND 

1.080 

= 

2 

1.080 

AND 

1 .200 

= 

0 

1.200 

AND 

1.320 

= 

1 

1.320 

AND 

1.440 

0 

1.440 

. AND 

1 .560 

2 

1 .560 

AInID 

1.680 

3 

1.680 

Arro 

1 .800 

= 

0 

1.800 

AND 

1.92c 

0 

1 .920 

AND 

2.040 

= 

1 

2.040 

AND 

2.160 

1 

2.160 

AND 

2.280 

0 

2.280 

AND 

2.400 

= 

1 

Table  3-4.  Statistical  feummai^  of  Vjn  at  V^p/i  - -15V  and 
'■A  ■'  ^ 
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3.3A 


Data  Analysis 


Thirty-five  summary  sheets  were  generated  on  each  device 
type  for  a single  temperature.  Next,  the  statistical  summary 
sheets  were  reviewed  and  key  information  was  transfered  to  two 
hand-written  forms.  For  each  parameter,  common  mode  voltage 
and  temperature  condition  the  following  values  were  recorded; 

Data  Value  Low 
Data  Value  High 
Mean  Value  X 
Standard  Deviatl£n 
^ Population  in  X ±2^ 

% Population  in  X +3^ 

Spec  Limit  Low 
Spec  Limit  High 


The  failures  were  then  sought  out  where  the  data  exceeded 
the  specified  limits  as  recommended  by  the  JC-41  Committee.  A 
final  data  reduction  step  was  to  record  and  compare  the  data 
range  values  on  another  sheet  with  recommended  JC-41  limits. 
Failures  were  identified  on  the  sheets  in  two  ways : 

(1)  If  the  failure  was  a single  event,  it  was  thrown 

out  and  bracket  ( ) marks  were  put  on  the  next 

lower  In-spec  value. 

(2)  If  a number  of  failures  occured  on  a parameter,  the 
extreme  failed  limit  was  circled  and  in  an  adjacent 
note  section  the  ratio  of  failed  to  tested  devices 
was  recorded  (l.e.,  5/56  means  5 out  of  56  failed). 

After  both  types  of  hand -written  data  summaries  were 
completed,  the  failures  were  traced  to  the  individual  device 
data  sheets  as  in  table  3-3.  All  failures  were  identified  with 
a yellow  marker  pen.  At  this  stage  of  the  device  failures  were 
plainly  evident  on  the  original  data  sheets.  Relationships  be- 
tween failures  could  be  observed  and  evaluated.  Certain  device 
deficiencies  yielded  more  than  one  failure.  For  Instance,  one 
op  amp  failed  Vio  at  lew  common  mode  voltage,  PSRR  (+)  and  CMR. 
Since  CMR  and  PSRR  are  calculated  from  changes  in  offset  voltage 
conditions  it  is  not  surprising  to  have  related  failures  among 
these  parameters  for  some  parts.  A breakdown  of  one  of  the  front- 
end  transistor  base-collector  Junctions  is  the  deficiency  most 
likely  to  cause  these  three  test  failures. 


Vendor  Type 


No . Tested 


No.  Faileo 


LM148 

7 4 

47' 41 

17 

4156 

•7 

4136 

18 
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3.3*5  Bench  Tests 

Transient  response,  slew  rate,  channel  separation  and 
noise  were  parameters  that  had  to  be  tested  on  the  bench. 
Summaries  of  the  data  are  tabulated  In  3.4  of  this  report.  All 
of  the  parts  were  within  the  specified  limits  with  the  exception 
of  4136  transient  response  overshoot . The  reason  for  the  4136 
failures  Is  that  extra  parasltlcs  were  Introduced  by  an  addition- 
al socket  card  used  to  convert  the  4136  pin  out  to  the  standard 
pin  out  of  the  other  devices. 

3.4  Tabulation  of  Electrical  Characteristics 

3.4.1  MIL-M- 38510/110  Electrical  Performance 

Characteristics  Table  (Table  I In  the  specification). 

This  specification  table  shows  the  parameters,  conditions 
and  limits  for  the  quad  op  amp  devices  In  MIL-M- 3851O/IIO 
table  I.  Table  3-5,  consisting  of  two  pages  and  notes,  shows 
this  Information  In  this  report. 

3.4.2  Quad  Op  Amp  Data  Sheets 

The  reduced  characterization  data  was  transferred  to  a 
number  of  tables  according  to  device  type,  temperature  and  type 
of  testing.  This  data  Is  Indexed  In  table  3-7. 


The  static  tests  were  all  done  automatically  on  RADC's 
S-3260  IC  tester.  Shown  on  the  static  test  sheets  are  the 
extreme  data  values  and  statistical  parameters  of  the  data 
population.  Spec  limits  and  failures  are  also  shown.  Three 
types  of  forms  are  used  to  display  the  summarized  data.  They 
are  as  follows : 

il)  Device  type  data  versus  recommended  limits. 

2)  Device  type  static  test  data  at  ^°C . 

3)  Device  type  dynamic  test  data. 

Form  (1)  contrasts  the  limits  of  Form  (2)  data  against  the 
recommended  limits.  Channel  separation  and  noise  are  not  dynamic 
tests,  but  they  are  shown  here  because  they  were  not  taken  with 
the  S-3260  automatic  tester. 

3.5  Oscillographs  of  Electrical  Characterization 

A number  of  oscillographs  were  taken  of  device  character- 
istics as  observed  on  a Tektronix  Type  577  curve  tracer.  These 
oscillographs  show  typical  parameter  to  parameter  relationships 
that  are  not  as  readily  seen  with  tabulated  discrete  data. 
Linearity  of  the  lack  of  It  Is  apparent  In  these  curves . A 
directory  of  typical  curves  is  shown  in  table  3-28. 
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Table  Electrical  porf cr'r.ancc  cba.  ■■acteristlcs 


■ 

Conditions 

(Paragraph  1.4  and  Figu'‘e3-> 
Unless  Otherwise  Specified) 

I’lput  Offset  V;;ltage 

Vrp 

• --  orO" 

1/  -55' '0  in;^:.  c 

Input  Offset  Voltage 

T e •n  p e r a t u r e 3 e n s 1. 1 1 v 1 1 y 

A’/TO 

ZS.T:,  from  to  -25^^ 

AT 

'Z^Ta  f-om  ■25-0  to  125'-^C 

I^''.put  Offset  Current 

ITQ 

Input'  Offset  Current 
Terjperature  Sensitivity 

AHO 

y\Ta  from  -55°C  to  +25^0 

~A^ 

from  f-Pp'-’C  to  +l?u'^C 

Input  Bias  Current 

’■IlB 

Be;  = 20  KJL  25°C  ^ Ta  ^ IBo^C 

1/  ' = -55'^ 

-ItB 

Bq  - 20  K-fU  2C"C  eS  ^ IPo'^^' 

1/  Tg  = -ff'Oe 

Po’';er  Supply  Rejecttor 
Ra't’io 

PSRR 

■4VCC  ICV,  -Vcc  - 20V  for  -01 

thru  0'' , *Vqc  - "”^5 

-PSRR 

t-vee  = ^ov.  -Von  “ -lOV  for  -01 
thru  Olt 

Input  Voltage  Common 

Mo  Re  Co  lectio. 

-MB 

C'^mmon  Mode  Range  ~ BOV 

y 

Ou  t pu  t She  '•■t  C 1 1’  c u i.  t 
Current  (for  Positive 
Output ) 

ics( ' ) 

2/  -t-Vnc  4-15V  for  -01  thru  0^‘ 

■■Vr(^  = TOV  for  -Of 
t S '^B  ms 

Ou  t pu t Sh 0 rt  Circuit 

Cu ■■’rorit  (f or  Negative 
Output ) 

Bs(-) 

(l  amplifier  only  shorted  to 
ground ) 

Supply  Current 

^CC 

iVpp  - 'IBV  fo-p  -01  T-  -'55'^C 

'thru  04  3/  T.;  ^ ?f-C 

tVee  - '30V  for  -05  fX  ^ lO'^^O 
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Table  3-5*  Electrical  performance  characteristics 


Limits 


Table  3-5.  Electrical  performance  characteristics  (Continued) 


Conditions 

(Paragraph  3.^^  and  Figure  3-5 
Unless  Otherwise  Specified) 


(01-04)  Rt  = 10  K-n. 
Vcc  = (05)  V.Ji.  ■ 

Vo  = +15V  ^2  Rt  = 10K,Ta  = 25°C 

2K  (Ul-04)  

Vf,  = 1 to  26v  Rl  - -55°C  ^ ^ 

lOK  (05)  Ta  ^ 125  C 

YO  = 1 to  16V  -S?  Rt  = 

2K  (05) 


Characteristics 

i 

Symbol 

Output  Voltage  Swing 
(Maximum ) 

^OP 

Open  Loop  Voltage  Gain 
(single  Ended) 

. 4ys(H-) 

^VS(-) 

^VS 

Output  Voltage  Low 

''^OL 

Output  Voltage  High 

VoH 

Output  Voltage  Low 

VoL 

Output  Voltage  High 

VOH 

Output  Voltage  Low 

VOL 

Transient  Response 
( Rlset  i-.ie) 

TR(tr) 

(Overshot;t ) 

TR(OS) 

Slew  oate 

3R(-) 

3 :(-) 

;^1(B3) 

1-1  (pc) 

^.h'dLX.ne  ’ Separation 

US 

+Vpp  = +5V,  Vq  = +2V  Tfl  = 25' 

“(^bl  tEru  047  “ -2 

Vcc  = 5V,  V_  = IV  to  -55°C  ^ 
to  3v  (-057  Ta  : 

Rl  = 2 , 10  K-n_ 


= O'")  C 


Rg  = 50ju 


RS  ^ 20  !•: 
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Table  3-5.  Electrical  performance  characteristics  (Continued) 


NOTES : 

!_/  For  -01  thru  -04  limits  shall  be  tested  at  Vn^  = 0, 

+15V  and  -15V  for  +Vcc  ==  + 20V,  at  Vcm  - OV  for  Vqc  - 5V. 
For  -05  limits  shaTl  be  tested  at  VcM  = 0 and  28v  for 
Vcc  ~ 30V  and  at  Vqiv]  = OV  for  V0C  “ 5V. 

Continuous  limits  will  be  considerably  lower  and  apply 
for  -55°C  JS  Ta  ^ 75°C. 

Iqq  limits  are  the  total  for  all  four  amplifiers  at  no 
loads  connected  as  grounded  followers . 

CMR  is  determined  by  neasurlng  input  offset  voltage 
under  the  following  conditions  forthe  devices: 


Device 

01, 

02,  03 

Offset  Voltage 

04 

Device  05 

Cond ition 

•'■Vcc 

-Vcc 

Vo 

'■Vcc 

-Vcc 

Vo 

Units 

1 

35 

-5 

15 

30 

0 

-15 

V 

2 

5 

-35 

-15 

p 

28 

15 

V 

3.6 


Discussion 


3.6.1  General  Co’nments 

The  quad  op  amp  specif Ica't'ion  is  similar  to 
MIL-M-38510/101  on  s'ln’^le  operational  amplifiers.  The  same 
parameters  apply  to  both  lilnds  of  devices.  Only  the  type  05 
(LM12^)  required  the  developing  of  several  new  tests  . The  tyoe 
05  can  be  operated  from  a single  5V  power  supply,  and  with  a 
pull-down  resistor  can  be  used  to  interface  with  TTL  logic.  In 
general,  the  quad  op  amps  are  not  so  good  as  their’  single 
counterparts  except  for  supply  current  drain  and  circuit  density. 
Because  there  are  four  circuits  in  a package  Instead  of  one, 
somewhat  lower  tolerances  are  Justified  than  for  single  op  amps. 

The  characterization  program  did  not  result  in  many 
sur-prises  . Even  though  much  data  vjas  taken  and  examined, 
hardly  any  changes  were  made  to  the  JC-^kl  Committee's  recommended 
limits.  There  are  at  least  tvjo  reasons  for  this  result  ; 

(1)  If  the  data  on  50  or  so  op  amps  indicates 
a range  well  below  the  JG-4l  recommended 
limits,  the  limited  data  quantity  is  not 
sufficient  to  tighten  the  specification. 

It  does,  however,  warrant  discussion  and 
reconsideration  by  the  JC-41  Committee. 

(2)  If  the  data  shows  that  the  range  is  close  to 
the  specification  limits,  one  is  reluctant 
to  degrade  this  specification,  especially  if 
it  is  useful  to  the  user. 

In  general  the  data  shows  the  parameters  to  be  in  agree- 
ment vjlth  the  specif icatlor.  limits.  Exceptions,  if  any,  will 
be  pointed  out  later  on.  Obviously,  one  railure  nn  a device  is 
enough  to  reject  that  device  from  acceptance.  In  a worst  case 
situation,  those  failures  would  be  scatte'^ed  to  cause  the  maxi- 
■lum  number  of  devices  to  be  ’^ejected  . The  data  tends  to  show 
a clustering  effect  v;here  the  fall  res  a'-’e  together  in  a fevj 
devices,  'f’h.us  the  first  failure  cause.t  tfne  device  t:;  be  i-ejocted 
and  the  remaining  failures  in  that  ’evice  a”e  "free"  with 
respect  to  yield. 

3.6.2  Parameter  Failures 

Table  3-6  shows  a summary  of  all  the  parameter  failures 
for  the  devices  tested.  Comments  relative  to  those  failures 
are  as  follows : 

3. 6. 2.1 

Vjo  - With  the  exception  of  the  4156,  all  of  the 
devices  had  a few  Vjo  failures.  These  were  associated  with  PSRR 
and  CMR  failures  in  some  cases  such  as  the  input  transistor 
base-collector  Junction  breakdown. 
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Summary  of 


NO  FAILURES 


3. 6. 2. 2 


Avto/At  - Only  the  4741  had  these  failures.  Three 
devices  which  had  these  failures  In  one  or  more  op  amps  also 
had  Vjo  failures . 

3. 6. 2. 3 

IXO  - The  4136  devices  had  a few  Ijo  failures,  which 
also  contained  Ijs  failures . 

3. 6. 2. 4 

/MtO/A  T - A 4136  device  had  this  failure  along  with 
IXO  and  IiBfallures . 

3. 6. 2. 5 

+I.X3  j "IlB  “ Wrong  polarity  bias  current  was  the  worst 
parameter  for  the  LM148.  It  occurred  In  three  of  14  devices. 

In  the  affected  devices,  most  of  the  12  op -amp/tempe nature 
combinations  exhibited  the  failure.  PSRR  failures  also  occurred 
In  these  same  devices  . During  a curve  tracer  analysis  of  a 
device  with  the  problem,  the  device  destroyed  itself  when  the 
negative  common  mode  range  limit  was  approached . An  autopsy  of 
the  device  showed  a burned-open  circuit  between  pin  4 (4-Vcc 
terminal)  and  the  emitter  of  the  diode-connected  transistor, 
which  sources  current  to  LMl 48  front  end.  Figure  3-  6 shows  a 
photomicrograph  of  the  damaged  IC  area. 


fm  a. 


Figure  3- 6 . LM148  with  burned-open  VCC  conductor  following 

reverse  bias  current  breakdown, 
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3. 6. 2. 5 


(Continued ) 


Another  device  with  wrong  polarity  bias  current  was 
examined  more  carefully  against  a normal  device  . A comparison 
display  of  bias  current  versus  common  mode  voltage  is  shown  in 
figure  3-7. 


Flgui'e  3-7.  LM148  bias  current  versus  common  mode  voltage  in 

good  and  bad  devices . 


The  oscillograph  shov;s  that  the  bias  current  of  S/M  6-'J- 
(op  amp  4 in  S/N  6)  changes  polarity  at  -13V  of  input  common 
mode  voltage.  ’With  a good  device , on  the  other  hand,  the  bias 
current  remains  positive  beyond  the  -15V  common  mode  range 
limit,  and  then  never  fells  below  OV. 

3. 6. 2. 6 


^PSRR■  -PSRR  - Failures  with  positive  power  supply 
rejection  accompanied  offset  voltage  and  common  mode  rejection 
failures  in  the  Liyil48.  It  also  happened  at  -55^C  with  an  LM148 
having  ivrong  polarity  bias  current.  -PSRR  failures  are  less 
common.  With  the  4741  devices  PSRR  failures  were  tandem  vilth 
bias  current  and  offset  voltage  failures . 

3. 6. 2. 7 

CMR  - The  LMl48's  with  CMR  failures  also  had  related 
4-PSRR  and  Vjo  failures  . 

3. 6. 2. 8 

IoS(  + )j  los(-)  “ ^136  vjas  the  only  device  seen  -with 

excess  Iq3  current.  In  one  case  all  four  op  amps  failed  at 
-55°C  and  25^C.  In  another  case  a single  op  amp  failure  occurred 
at  25°C . Iqs  failures  seem  to  be  Independent  of  any  other  para- 
meter failures . 


Icc  - ICC  failures  on  any  devices  were  observed. 

In  trying  to  correlate  S-3260  readings  with  577  curve  tracer 
readings,  a 2:1  discrepancy  was  observed.  This  vms  resolved 
when  it  was  detemlned  that  the  S-3260  method  tested  the  devices 
as  grounded  emitter  followers  versus  undriven  devices  in  the 
curve  tracer. 

3.6.2.10 

'7oP(  + )^  7op(-)  - Only  the  4741  exhibited  a few  VoP 

failures.  These  failures  were  in  Vop(-)  and  were  sign  rather 
than  magnitude  related . Many  other  parameters  were  also  bad 
with  these  device  at  -55°C  only. 

3.6.2.11 

Avs(  + )j  ^VS(-)  “ Avs(-)  failures  occurred  in  the 

4741  at  125°C . These  were  isolated  failures.  Similar  border 
line  fallureswere  seen  in  two  of  seven  4156' s.  Thermal  effects 
mask  these  parameters,  especially  when  a 2K  Jl-  load  is  used. 

3 .6.2.12 

Avs  - Ays  checks  the  open  loop  gain  with  +5V  supplies. 
This  was  the  most  prevalent  failure  of  all.  A few  of  these 
failures  were  spot  checked  on  the  577  curve  tracer  without  the 
failures  being  confirmed.  A problem  with  the  S-3260  is  suspected. 

3.6.2.13 

TR(tr),  TR(OS)  - Transient  response  rise  time  and 
overshoot  were  measured  normally.  The  data  except  for  4136 
overshoot  was  well  within  the  spec  limits.  As  mentioned  earlier, 
an  extra  conversion  socket  was  used  to  make  the  4136  pin-out  the 
same  as  that  of  the  other  devices.  The  parasltlcs  associated 
with  the  cross-wiring  are  believed  responsible  for  the  failures  . 

3.6.2.14 

SR(+),  SR(-)  - Slew  rate  for  both  directions  on  all 

devices  was  satisfactory.  A 20%  margin  exists  between  the 
limit  specification  and  the  low  data  point  of  the  4156.  The 
other  devices  have  even  wider  margins. 

3.6.2.15 

CS  - All  devices  passed  DC  channel  separation  with  at 
least  23  dB  of  margin.  This  test  Idoks  for  thermal  coupling 
between  the  four  op  amps  of  the  device. 


3.6.2.16 


Ni(bb).’  ^i(PC},  " Both  broadband  and  popcorn  noise  were 

measured  with  the  5m  curve  tracer  on  a number  of  devices.  No 
failures  were  observed . 


3.6.3  Tektronix  S-3260  Histograms 

Figures  3-8  and  3-9  show  histograms  of  Vjo  offset 
voltage  for  two  different  conditions  of  supply  voltage,  common 
mode  voltage  and  temperature.  Similar  histograms  were  generated 
for  most  of  the  other, parameter  data.  In  contrast  to  tabulated 
information  such  as  in  table  3-4,  histograms  give  a much  better 
picture  of  the  data  distribution  with  respect  to  the  specified 
limits . 


3.7  Conclusions 

The  results  of  the  quad  operational  amplifier  characteri- 
zation effo'^t  show  that  the  data,  in  f.eneral , supports  the 
recommended  specification  limits  proposed  by  J2DEG  Since 

the  quad  op  amps  have  a close  resemblance  to  single  op  amps, 
the  parameters  necessary  to  characterize  the  devices  are  the 
same.  Channel  separation  is  a necessary  additional  parameter. 
Device  type  05  (LM1?4)  has  a few  new  parameters  to  specify  the 
output  source  and  sink  drive  capabilities  of  the  device  for  TTL 
and  related  loads  . 

The  new  MIL-M-3851C/110  quad  op  amp  specification  i.s 
technically  complete  and  accurate.  Vendors  who  are  represented 
by  the  JC-41  Committee  have  had  a rough  draft  copy  of  this  spec 
for  a month  as  of  the  writing  of  this  report . 

3.3  Hecommendatlons  for  Future  Effort 

The  characterization  effort  on  the  quad  op  amps  has  shown 
the  value  and  need  for  automatic  test  methods  to  accumulate 
device  data.  Relatively  little  time  is  required  to  take  the  ravj 
data  and  reduce  it  once  t'le  proper  hardware  and  software  has 
been  developed . 

A big  improvement  is  desirable  in  formating  and  contrasting 
the  data  so  that  failures  and  anomalies  stand  out . 


r 


since  the  location  of  device  failures  In  the  data  Is 
Important  objective,  one  software  Improvement  would  be  to  have 
the  computer  print  out  an  asterisk  (*)  adlacent  to  every  failure 
In  the  device  data  sheet  (l.e.,  table  3-3).  These  failures 
would  be  based  on  a comparison  with  the  specified  limits. 

Another  Improvement  would  be  histograms  at  all  three  tempera- 
tures on  the  same  sheet . 


Open-loop  gain  as  observed  in  this  program  appears  to  be 
amaverlck  parameter.  A credibility  gap  exists  between  the 
25V/mV  minimum  spec  limit  and  real  data  where  values  from 
15COOV/mV  to  -3750  V/mV  are  typical  on  a single  device  at  one 
temperature.  The  screening  value  of  this  test  method  is 
questionable.  On  the  other  hand,  vendors  advocate  the  present 
open-loop  AVS  test  method  as  opposed  to  a closed-loop  gain  test. 
Since  thermal  effects  are  very  dominant  in  open-loop  gain  tests, 
a recommended  compromise  is  to  do  these  tests  at  very  light 
loads  (i.e.,  50  Kjl_  and  !IO.Kit  instead  of  lOKJl-  and  2 Kit.  ) . 

Bi-FET  op  amps  Is  another  species  of  simj iar  linear 
devices  which  should  be  considered  for  characterisation  and 
possible  future  slash  sheet  action. 
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UALUE  at  2 FROM  148ALL.L0GI0PA  17tl6t35  27  JUN  77 

aiO  AT  2e.-20,  0 148|  TEAR  - 25  OC 
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DISPLAY 

LOU  OALUE  - -1.090000  HIGH  UALUE  • 1.540000  SAMPLES 

TOTAL 

LOU  UALUE  - -1.090000  HIGH  OALUE  • 1.540000  SAMPLES 


W'ALUE  AT  1 FROn  148ALL.L0G*0PA  17114107  27  JUN  77 

UIO  AT  5,  -5,  0 148;  TEMP  ■ -55  OC 


DISPLAY 

LOU  UALUE  - -2.370000  HIGH  UALUE  • 1.090000  SAMPLES 

TOTAL 

LOU  UALUE  • -2.370000  HIGH  UALUE  • 1.090000  SAMPLES 


Device  Cotiti  . T^mp.  No. 

Ta’^^le  .’-'1.  Data  Contents  Type  Type  'C  Sheets 


able  3-8.  Devl'^.e  type  01  (LM148)  data  versus  recommended  limits 

GEOS 

JC-41  Data  GEOS 
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Device  typo  01  (LM148)  data  versus  recommencied  ll-nlts  (Continued) 
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NOTES;  y Failed  limits  are  circled. 

Bracketed  data  excludes  failed  data.  For  Instance  one  sample  out  of  56  was 
rejected  . 
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Table  3-9-  Device  type  01  (LM148)  static  test  data  at  -55°C  (Continued) 


-1963  107.5  9?.  8^1  43.99  96.43  98.21  -500  500  pa/°c 


Table  3-9.  Device  type  01  (LM148)  static  test  data  at  -55OC  (Continued) 


Table  3-10.  Device  type  01  (LMl^S)  static  test  data  at  25 
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Device  tyoe  01  (LMl-B)  ctatlc  test  data  at 
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'■^able  3-T2.  Device  type  01  (LMl/43)  dynamic  tent  data 


Table  3-13.  Device  type  03  (4741)  data  versus  recommended  limits 

GEOS 

JC-41  Data  GEOS 

Recomm,  Range  Recomm 
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-55  -24 

-PSRR  25  -16.6 

125  -20 


47^1)  data  versus  recommended  limits  (Continued' 

GEoi  ' 

JC-41  Data  GEOS 
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Devl'ie  t.^-oe  03  (47^1)  static  test  data  r.'^  -55  C (Continued) 


Do/Vd  0001  OOOlf  Q’ 16  66  l'0£l  Q’lcl  c-l93-\  Oc 


at  -550c  (:ontlnued) 
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los(f)  15  0 -56.6  -20.9  -29.9  9.21  95.00  100  -80 

los(-)  15  0 37.15  65.85  ■f+9.2  7.55  95.00  100 

Inr  20  0 -^.93  -2.91  -^.17  .^72  95.00  100 

" 15  0 -4.90  -2.87  -4.14  ,473  95.00  100 


■oc  03  (■^^■'■1'}  ^ est  data  at  23"::  (C-ntinued> 
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Devj-0  i.,voo  0>'  static  tost  data  at  125°C  (Contln'jed 


;-)ve  th£in  one  op  amp  failed  this  spec.  The  number  of  failures  is  shown 


Table  jJ-28.  Curve  tracer  display  directory 


Figure  3- 10 . 

LM148  S/N  141-1 
Input  Offset  Voltage 
for  Different  Vrc ' s 
(i^CC  ~ +15V,  +5v) 
Vto  @0.2  mV/cm f 
Vq  @ 5V/cm  — ► 

Vio  = -0.4  mV  @ 
j:VCC  = +15V 
Vio  = -0.75  mV  @ 

±Vcc  = ±57 


Figure  3-11. 

Ml48  S/N  141-1 
Input  Bias  Current 
for  Different  Vpq ' s 
(±Vcc  = ±15V,  +5v; 
+IXB  S 5 nA/cm  f 
7cm  S 5 7/cm—^ 

+IlB  = 20  nA  @ 

±7cc  = ±157 
■'■llB  = 13  nA  © 

±7cC  = ±5V 
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Figure  3-  12. 

LM148  S/N  141-1 
Input  Bias  Current 
for  Different  Vcc's 
(+Vcc  = ±15V,  +5V) 
-Txb  @ 5 nA/cm  f 
VcM  @ 5 V/cm  -♦ 

-IjB  = 49.5  nA  % 
±VcC  = ±15V 
-IjB  = 13  nA  @ 

±VcC  = ±5V 


Figure  3-  13. 

LM148  S/N  141-1 
Common  Mode  Rejection 

@ vcc  = +15V 

^CM  ~ +10V 
AVin  @ "50  uv/cmt 
VcM  @ 5 V/cm_> 

CMR  = 

20  logl-x  _-6VT',,t 


Figure  3-14. 

LM148  S/N  mi-1 
Power  Supply  Rejection 
Ratio 

+PSRR  and  -PSRR 
@ Vcc  = +15V 
ZaVjn  @ ^.1  mV/cm| 

AVcc  ® 5 V/cm-#- 
+PSRR  = .09  mV 

^OV  = 9 UV/V 

-PSRR  = .06  mV 
IW 


= 6 uV/V 


Figure  3-15. 

LM148  S/N  141-1 
Power  Supply  Current 
& Vqc  = +15V 
Ice  ® mA/cm4 
Vcc  © 5 V/cm 
ICC  = 1.3  mA  @ 

+Vcc  = +^5V 


c (P  ^ 


Figure  3- 16. 

LM148  S/N  141-1 
Open  Loop  Voltage  Gain 
As  A Function  of  Loading 
Q +Vcc  = +15V,  Rl  = 2K -ru  , 
lOK-TL,  5^K_n-  , 

VjN  @ 10  uV/cm  ^ 

Vq  @ 5 V/cm 
+Ays  ® lOK^  = 


^12V_  . .1250  V/mv 

-Ays  @ IOK.^1-  = 

Y . = -1666  V/mV 

b uV 


Figure  3-17. 

LM148  S/N  141-1 
Open  Loop  Voltage  Gain 
As  A Function  of  Loading 
@ o-Vcc  - t3V,  Rt  = 2K_a,, 
lOK  -n_ , 5^K  _n__  . 


Vjj^j  <S  10  uV/cm  4 
Vo  © 5V/cm 
Ays  @ lOK-fl-  = 

' 500  v/»,v 

A vs  @ 2K_rt-  - 

-5^-  = 800  V/mV 
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Figure  3- 18. 

lmi^Sd 

Offset  Voltage 
of  10  Devices 
@ +Vcc  = +5V 
Rl  = 2KJU 
Input  % 1 mV/cm  f 
Output  @ 1 V/cm-* 


Figure  3-19. 

DM1 48d 

Gain  Characteristic 
iVcC  = ±5V 
Rl  = 50KJ\- 
Input  @ 20  uv/cm  T 
Output  @ 1 V/cm— ^ 


i 


Figure  3-20. 

LM148D 

Gain  Characteristic 
® ±VCC  = +5V 
Rl  = 2KJL 

(Note  that  the  locus 
is  different  depending 
on  the  direction  being 
swept.)  . 

Input  @ 10  uV/cm  f 
Output  © 1 v/cm-^ 


Figure  3-  21. 

LM148D 
Common  Mode 
Rejection  Ratio 
of  8 Devices  . 

Av  Input  (g  20  uV/cm  4 
Vq[vi  © 5V/cm  -► 


Figure  3-  22. 
LM148d 


Power  Supply 
Rejection  Ratio 
of  4 Devices 
/\V  Input  @,2.vnV/cmT 
V .'g  5 V/cm  — ► 


Figure  3- 23 . 
LM148D 

Supply  Current 
versus  Voltage 
of  5 Devices 
I ^ .5  mA/c-Ti  T 
V iR  5 V/cm— ^ 
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Figure  3-  24 . 
LM124D 

Offset  Voltage 
of  10  Devices 
@ +Vcc  = 5V 
-Vcc  = OV  . 
Input  @ 1 mV/cm  t 
Output  @ 1 v/cm— • 


Figure  3-  25  • 

LM124D 

Gain  Characteristic 
© Vcc  = 5V 
-Vcc  = OV 
Rl  = 50K_n_  . 

Input  (§  20  u'^^cmf 
Output  @ 1 v/cm— 


C^-ii/^('  '^sv'  " 

/(^  ; 


M/'24J^ 
\vi(t  7^/'^ 
C -!'>{<' jt 


OiTfvr , A 


Figure  3-26. 

LM124D 

Gain  Characteristic 
@ j^Vqq  — +5V 
Rl  = 50T^_fL 
(The  characteristic 
becomes  non-linear 
with  increasing 
load)  I 

Input  @ 20  uV/cm  f 
Output  @ 1 v/cm-»- 


Figure  3-  27. 

LM124J 

Gain  Characteristic 
(Note  the  effect  of 
feedback  on  gain  and 
its  linearity.)  i 
Input  % 50  uV/cm  t 
Output  % 5 v/cm  — 
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Figure  3-28. 

LM1245 

Gain  Characteristic 
with  feedback  and 
load  resistance . 


Figure  3-  29 . 

LM124D 

Gain  Characteristic 
(Note  crossover 
distortion  and 
gain  non-linearity.) 
Input  @ .1  mt^cm  i 
Output  @ 5 y/cm  » 
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Figure  3-30, 

RM3503ADC 

Gain  Characteristic 
Input  G 50  u7/cm  f 
Output  3 5 V/cm-^ 
(Minimum  and  maximum 
gains  of  10  devices. 
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QUAD  COHPARATQRS 


4.1  Background  and  Introduction 

Quad  comparators  are  very  useful  devices  for  circuit  mechaniza- 
tions Involving  multiple  comparators.  As  with  the  quad  operational  ampli- 
fiers, Increasing  the  device  density  results  In  more  function  per  watt,  but 
fewer  options  per  function  because  of  pin  out  restrictions.  Quite  often 
comparators  are  used  to  interface  between  linear  and  digital  circuits. 

Since  digital  devices  have  higher  function  to  package  ratios  than  linear 
devices,  the  need  for  quad  comparators  is  obvious. 

The  139  was  selected  for  characterization  because  It  is  popular 
among  users  and  It  Is  multiple  sourced. 

4.2  Description  of  Device  Type 

The  139  quad  comparator  consists  of  four  Independent  voltage  com- 
parators with  a common  set  of  power  terminals.  For  single  power  supply  op- 
eration the  recommended  voltage  range  is  from  5V  to  30V.  Dual  supply  opera- 
tion Is  also  possible.  Each  comparator  has  a differential  front  end  with 
PNP  transistor  Inputs. 

Each  output  Is  the  open  collector  of  an  NPN  current  sinking 
transistor.  Because  of  pin  out  restrictions  offset  voltage  adjustment  and 
strobing  are  not  available  options.  Electrical  performance  characteristics 
as  proposed  by  the  JC-41  Committee  are  shown  in  Table  4-1. 

4.3  Discussion 

The  characterization  effort  to  yield  the  procedures  and  limits 
of  the  future  MIL-M- 385 10/112  quad  comparator  specification  involves  a 
number  of  phases.  The  starting  point  is  recommended  tests  and  limits  from 
the  joint  Industry  JC-41  committee.  There  are  3 sources  of  data  planned 
for  verification  of  limits: 

1.  GEOS  tests  of  purchased  devices. 

2.  Manufacturer  tests  (performed  by  one  source)  of  manufacturer- 
supplied  devices,  unmarked  and  serialized. 

3.  GEOS  tests  of  samples  from  (2)  above. 

Trends  and  anomalies  are  being  checked  on  a Tektronix  577  curve  tracers  with 
a 178  linear  IC  plug-ir.  Correlation  of  the  difference  data  sources  will 
assure  realistic  device  limits. 


ii 


IV- 1 
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Figure  4-1  thova  the  initial  atandard  teat  circuit  and  conditiona 
for  the  quad  comparator  %rt.th  the  exception  of  reaponae  tiinaa  and  t-u-, 

Thia  aame  circuit  appliea  to  the  S-3260  and  the  HlL-M-38510/111  apeclficai* 

tion.  The  577  curve  tracer  teat  circuit  cannot  be  uaed  directly  without 

flrat  adding  a 15  KJl-  pull-up  reaistor  and  a ,047  uf  compenaation  capacitor 

for  each  comparator.  Theae  modificationa  arc  made  on  the  plug-in  card.  | 

I 

The  577  curve  tracer  teat  circuit  devlatea  from  the  atandard  teat 
circuit  in  at  leaat  two  reapecta: 

1.  The  output  la  prograimally  loaded  to  ground  with  50  KJL  (min). 

(i.e.  thia  load  cannot  be  awitched  out.) 

2.  In  the  of fact  voltage  mode  Rg  changea  from  50  ohm  to  550  ohm 
when  the  vertical  senaltivity  ia  awitched  from  0.5  mV/div  to 
1 mV/dlv. 

Table  4-2  preaents  teat  conditiona  to  be  uaed  with  the  figure 
4-1  teat  circuit. 

Thia  taak  will  be  continued  and  completed  on  a future  effort. 
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JC-41  (OP-AMP) 


Electrical  Performance 


m* 


NOTES: 

1.  Test  circuit  pin  conditions  shsll  be  ss  specified  In  the  schedule  of 
this  figure. 

2.  Subgroups,  test  temperatures  and  limits  shall  be  as  specified  in  Table 

III  of  the  slash  sheet. 

3.  As  required  to  prevent  oscillations.  Also,  proper  wiring  procedures 
shall  be  followed  to  prevent  oscillations.  Loop  response  and  settling 
time  shall  be  conslstant  with  test  rate  such  that  any  value  has  settled 
to  within  5%  of  Its  final  value  before  measuring.  Suggested  values 
shown  may  not  ensure  loop  stability  for  all  layouts.  Actual  compensa- 
tion also  shall  be  approved  by  preparing  activity  prior  to  use. 

4.  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during 
Insertion  Into  socket. 

5.  Any  oscillation  greater  than  300  mV  (pk-pk)  shall  be  cause  for  device 
failure. 

6.  Relays  K1-K4  select  the  comparator  under  test.  Idle  comparators  have 

IV  applied  to  the  (-)  Input  to  force  their  outputs  to  the  low  state. 

7.  These  resistors  are  ± 0.1%  tolerance  matched  to  ± .01%.  All  other 
resistors  are  ± 1%  tolerance  and  capacitors  are  10%  tolerance. 

8.  Cotmnon  mode  rejection  Is  calculated  using  the  offset  voltage  values 
measured  at  the  common  mode  range  end  points. 

9.  The  relays  shown  Indicate  test  connections  only.  All  relays  are  shown 
In  their  de-energlzed  states.  Relay  colls  are  not  shown. 

10.  To  minimize  thermal  drift,  the  reference  voltage  for  gain  measurement 
E3  shall  be  taken  immediately  prior  to  or  after  reading  E22  “nd  E23. 

11.  Saturation  of  the  nulling  amplifier  is  not  allowed  on  tests  where  E 
value  is  measured. 

12.  The  equations  take  into  account  both  the  closed  loop  gain  of  1000  and 
the  scale  factor  multipliers,  so  that  the  calculated  values  are  in  com- 
parable units  as  listed  in  Tables  1 and  3 of  the  slash  sheet. 


Figure  4-1.  Test  circuit  for  static  and  dynamic  tests  (cont'd) 
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Parameter  Programmable  Adapter  Pins  Relaya  Pin  Measured 

Symbol  112  1 3 TA  f 5 I 6 Energized  No  I Value  I Unit  Equation  Unit 


Test  conditions  for  use  with  figure  4-1  test  circuit. 
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SECTION  V 


MTL-M-38510/101E 

SINGLE  AND  DUAL  OPERATIONAL  AMPLIFIERS 


5.1  Background  and  Introduction 

The  op  amp  specification  /lOl  is  one  of  the  more  mature  military  linear 
documents.  Even  though  it  was  at  revision  D when  the  contract  effort  began, 
a number  of  problems  existed  with  it.  GEOS  effort  aimed  at  resolving  the 
problems  so  that  IC  vendors  could  more  readily  test  and  accept  devices  con- 
forming to  the  specification  without  sacrificing  reliability.  The  following 
device  types  are  covered  by  this  specification: 

Device  Type  Commercial  Type 


01 

74  lA 

02 

747A 

03 

LMIOIA 

04 

LM108A 

05 

LH2101A 

06 

LH2108A 

07 

LM118 

Although  seven  device  types  are  cited,  only  four  distinct  sets  of 
electrical  specifications  exist  because  some  types  are  the  "duals  of  others". 
Device  types  02,  05  and  06  are  the  duals  of  01,  03 -and  04  respectively.  As 
of  May  12,  1977,  the  following  manufactureis  were  on  the  QPL  (Qualified 
Products  List). 


Manufacturer 

01 

02 

03 

04  05  06 

07 

AMD 

PI 

PII 

PI 

PII 

Fairchild 

PI 

PI 

PI 

PI 

National 

PI 

PII 

PI 

PI 

PII 

Intersil 

PI 

Raytheon 

Signetlcs 

Motorola 

RCA 

T.I. 

Harris 

PI 

Note:  PI  - Fullv  qualified 

PII  - Conditionally  qualified 

PII  qualification  is  dropped  30  days  after  any 
vendor  achieves  PI  qualification. 

Figure  5-1.  QPL  sources  of  device  types 


V-1 


It  is  seen  that,  of  the  potential  vendors,  not  many  are  qualified  to 
make  /lOl  devices.  A telephone  survey  was  made.  Initially,  of  all  vendors 
to  list  their  /lOl  problems.  The  vendor  problems  were  studied  and  entered 
into  matrix  charts.  Not  all  of  the  problems  were  valid,  since  some  seemed 
to  be  misinterpretations  of  the  specifications.  A joint  Industry  organiza- 
tion, the  JC-41  Committee  on  Linear  IC's,  was  also  solicited  for  technical 
inputs  to  Improve  the  /lOl  specifications. 

5.2  Description  of  Device  Types 

5.2.1  Common  Device  Characteristics 

Each  of  the  following  operational  amplifiers  have  a ntimber  of  common 
characteristics.  They  all  have  a differential  input  stage  in  order  to 
provide  high  gain  for  differential  signals  and  much  lower  gain  for  signals 
common  to  both  Inputs.  The  two  inputs  are  called  the  inverting  (-)  and  non- 
inverting (+)  inputs.  For  each  unique  design  different  techniques  are  used 
to  enhance  the  desired  input  characteristics.  Low  input -offset  voltage,  low 
bias  current,  hlgji  gain,  high  input  impedance  and  high  common-mode  rejection 
are  the  main  desired  input  characteristics.  Next,  a level-shifting  inter- 
mediate stage  exists  to  provide  further  signal  amplification.  This  stage 
can  be  differential  or  single-ended  with  a variety  of  interconnections  to  the 
output  stage. 

The  output  stage  almost  always  takes  the  form  of  a complementary  emitter 
follower  to  provide  a single-ended,  low- impedance  output  signal.  This  stage 
is  generally  biased  class  A-B  so  that  the  conductive  ranges  of  the  sinking  and 
sourcing  transistors  overlap.  Otherwise  a deadband  would  exist  in  the  output 
signal.  The  resulting  signal  distortion,  although  reduced  by  the  loop  gain 
of  the  entire  op  amp  in  its  application,  may  still  be  objectionable.  Some- 
times the  output  stage  is  biased  class  B,  if  low  power  dissipation  is  an 
important  parameter.  In  /lOl  all  of  the  devices  have  class  A-B  outputs. 

All  outputs  have  current-limit  circuits  to  protect  the  amplifier  from 
output  shorts  to  ground  or  to  either  supply  rail.  The  mechanization  involves 
a transistor  whose  base-emitter  junction  is  in  parallel  with  an  output 
resistor  and  whose  collector  goes  to  the  base  of  the  output-sourcing  tran- 
sistor. For  the  output -sinking  transistor,  the  method  is  similar,  except 
that  the  collector  of  the  current-limiting  transistor  goes  to  an  intermediate 
point.  In  either  case,  however,  base  drive  to  the  output  transistor  is 
shunted  away  as  the  voltage  drop  across  the  current-limit  resistor  approaches 

vbe- 

All  op  amps  require  frequency  compensation  to  be  built  internally  or 
taken  care  of  externally.  Without  frequency  compensation,  any  normal  feed- 
back application  of  the  op  amp  would  result  in  oscillations.  This  occurs 
when  the  sum  of  the  phase  shifts  introduced  by  each  gain  stage  exceeds  180° 
before  the  loop  gain  is  "rolled-off"  to  less  than  0 dB. 
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ah  resir-ta'ice  and  ca;,aci tanco  valu'.s  are  noMitul. 

rigure  5-2.  Device  type  01  circuits 


5.2.2 


Unique  Device  Characteristics 

Additional  descriptions  unique  to  each  device  are  as  follows: 


r 


5. 2. 2.1  Device  type  01  (741A)  - This  device  is  an  internally  compensated, 
general  purpose  op  amp.  It  has  offset-voltage  null  capability  and  output 
short-circuit  protection.  Where  high  speed  or  low  bias  currents  are  not  a 
requirement,  this  device  should  be  given  application  consideration.  Eight 
different  circuit  schematics  are  recognized  in  the  specification.  Circuits 
A and  3 of  device  type  01  are  shown  in  figure  5-2. 

5. 2. 2. 2 Device  type  02  (747A)  - This  device  is  the  dual  of  type  01  and  has 
the  same  electrical  specifications.  An  additional  specification  covers 
channel  separation.  Three  circuit  schematics  are  in  the  specification  for 
type  02. 

5. 2. 2. 3 Device  type  03  (LMIOIN)  - Lower  input-offset  voltage  and  current, 
lower  bias  currents  and  lower  noise  are  the  main  improvements  of  this  device 
over  type  01.  An  external  compensation  capacitor  is  required  for  stability 
and  bandwidth  trade-offs.  In  order  to  achieve  lower  bias  currents  then 
type  01,  the  input  stage  is  configured  with  latest  PNP  transistors  Q3  and  Q4 
biased  through  a common  current  source.  This  can  be  seen  in  circuit  C of 
type  03  shown  in  figure  5-3. 

5. 2. 2. 4 Device  type  04  (DilOSA)  - To  achieve  better  front-end  character- 

istics, this  device  is  designed  with  super-beta  transistors  in  the 
differential  input.  With  an  offset  voltage  of  ±1  mV  and  bias  current  of  3 nA 
over  temperature,  this  op  amp  has  the  best  front-end  specifications  in  the 
/lOl  family.  Because  of  this  characteristic,  no  offset  voltage  adjustment  is 
provided.  An  external  frequency  compensation  capacitance  is  required.  For 
minimum  power  supply  drain,  this  device  is  also  the  best  in  the  family.  As  a 
consequence,  though,  the  low  current  drain  gives  the  type  04  the  slowesi.  slew 
rate  and  transient  response  characteristics.  One  of  three  recognized  type  04 
circuit  schematics  is  shown  in  figure  5-4. 

5. 2. 2. 5 Device  type  05  (LH2101A)  - This  device  is  the  dual  of  type  03. 

5. 2. 2. 6 Device  type  06  (LH2108A)  - This  device  is  the  dual  of  type  04. 

5. 2. 2. 7 Device  type  07  (LM118)  - Where  fast  slew  rate  and  transient  response 

is  important,  the  type  07  is  the  best  device  in  the  family.  Using  internal 
feed-forward  compensation,  the  type  07  has  a minimum  advertised  slew  rate  of 
50  V/us.  In  paying  the  price  for  this  speed,  the  07  has  the  highest  supply 
current,  offset  voltage  and  bias  currents  of  any  in  the  /lOl  specification. 

A circuit  schematic  of  type  07  is  shown  in  figure  5-5. 

5.3  Tabulation  of  Parameter  Limit  Changes 

The  following  four  tables  list  the  parameters,  test  conditions  and 
limit  values  of  the  device  types  in  the  /lOl  specification.  Four  columns  of 
limits  are  shown,  beginning  with  the  Intitial  /lOlD  values  and  ending  with  a 
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GEOS  recommendation  for  /lOlE.  The  rough  draft  /lOlE  specification  submitted 
to  RADC  has  the  same  limits  as  these  GEOS  recommendations.  The  middle  two 
columns  give  the  originating  vendor's  catalog  values  and  the  recommended 
values  of  the  JC-41  Committee. 

5.4  Discussion 

5 4.1  Specification  Change  Guidelines 

In  making  the  recommendations  for  the  /lOlE  specification,  the 
following  guidelines  were  used 

5. 4. 1.1  /lOlD  and  its  amendments  were  examined  to  ferret  out  mistakes  and 
inconsistencies . 

5.4.1  2 The  loosening  of  limits  was  made  with  reluctance  and  then  only  when 
the  vendors  presented  a strong  and  valid  reason  for  them. 

5 4.1.3  With  any  proposed  specification  "loosening"  the  interests  of  the  user 
must  be  protected  so  that  after  the  fact  he  is  not  forced  to  add  special 
acceptance  tests  for  the  device  to  work  in  his  circuits.  This  guideline 
cannot  be  guaranteed  for  user  applications  which  are  "shaky"  to  begin  with. 

5.4. 1.4  The  changes  made,  if  in  an  "opening"  direction,  should  have  a high 
rewa’‘d-to-risk  ratio  so  that  the  benefits  of  increased  yield  and  lower  future 
cost  do  not  result  in  reliability  degradation. 

5.4.1. 5 There  were  many  recommendations  to  loosen  the  -01  (741)  specifi- 
cations, but  because  of  possible  user  problems,  this  was  resisted.  Next  a 
second-tier  741  specification  was  proposed.  This  would  have  added  a new 
device  (-08)  with  specifications  inferior  to  the  -01.  A dubious  precedent 
would  have  been  established.  None  of  the  vendors  furnished  device  data  to 
substantiate  their  requests  for  specification  changes. 

5.4.2  Reason  for  Specific  Changes 

The  reasons  for  most  specification  changes  are  shown  in  the  notes 
section  of  the  parameter  tabulations.  Further  discussion  of  the  more  signifi- 
cant changes  follows: 

5.4. 2.1  1^0  Delta  - This  sample  test  was  deleted  because  it  represents  a 
change  of  a change  and,  as  such,  demands  unwarranted  time-drift  stability  of 
the  test  equipment. 

5. 4. 2. 2 l0S(+)»  ^OS(-)  " throughput  considerations,  short  circuit 
current  is  measured  automatically  as  are  all  other  1007o  d-c  tests.  Since 
only  milliseconds  of  time  are  needed  to  make  the  test,  device  self-heating  is 
minimal  and  the  measured  current  is  therefore  greater  than  the  steady  state 
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value.  Consequently,  the  limits  were  raised.  The  test  adequately  checks 
this  protective  feature  with  a specified  test  time  of  t ^ 25  milliseconds. 

5.4. 2. 3 V^O  ADJ  (+) , Vjo  ADJ  (-)  - These  tests  were  corrected  and  modified 
to  insure  that  the  adjustment  range  is  one  millivolt  greater  in  the  correct 
direction  than  the  worst  case  offset  voltage  limits. 

5.4. 2.4  Igc  - For  power  supply  sizing  purposes,  this  parameter  is  much  more 
useful  than  power  dissipation.  By  specifying  Igc  at  ±15  V instead  of  ±20  V, 
the  user  can  conservatively  determine  current  drain  at  either  voltage  (l.e. 

ICC  at  20  V = 20/15  leg  at  15  V).  It  would  be  risky  to  go  the  other  way. 

5.4. 2. 5 Vqp  - Loaded  voltage  swing  is  measured  from  ground  to  the  plus  and 
minus  output  swing  limits.  Therefore,  it  makes  more  sense  to  specify  it  in 
this  manner  than  to  specify  the  sum  as  has  been  done  in  the  past.  Also  a 
small  swing  in  one  direction  cannot  be  compensated  for  by  a large  swing  in  the 
other  direction. 

5. 4. 2. 6 TR  (tj.),  TR  (OS)  - These  transient  response  limits  have  given  the 
vendors  the  most  problems.  Some  vendors  have  alleged  that  the  rise  time  and 
overshoot  limits  were  initially  established  by  taking  the  best  numbers  from 
mixed  lots  of  devices  (i.e.,  fast  rise  times  with  low  overshoots). 

In  order  to  provide  relief,  the  overshoot  limits  wer.e  relaxed  across 
the  board.  The  other  alternative  which  JC-41  recommended  was  to  leave  the 
limits  alone,  but  add  100  pF  of  capacitance  across  the  feedback  resistor  of 
the  test  circuit.  From  transient  response  test  observations  at  GEOS,  this 
much  capacitance  masks  the  characteristics  of  the  device  under  test.  Instead 
GEOS  recommends  a maximum  of  10  pF,  including  strays,  while  allowing  wider 
overshoot  limits  than  before. 

5.4. 2. 7 SR  (+),  SR  (-)  - With  device  type  07  in  /lOlD  a "lop-sided"  slew 
rate  existed  with  SR  (+)  = 75  V/us  (minimum)  and  SR  (-)  >•  50  V/us  (minimum). 
This  reflected  the  characteristics  of  vendor  C's  device.  Since  a user  cannot 
generally  take  advantage  of  this  peculiarity  and  since  different  vendor 
devices  had  different  characteristics,  it  was  recommended  that  symmetrical 
limits  of  ±50  V/us  (minimum)  be  established  after  vendors  B and  C had  agreed 
to  a ±50  V/us  spec.  A third  one,  vendor  A,  had  yield  problems  and  would  have 
preferred  a ±40  V/us  spec.  Since,  in  the  case  of  type  07,  slew  rate  is  one 

of  the  most  important  parameters,  GEOS  recommends  a firm  stand  on  the  ±50  V/us 
slew  rate  limits. 

5.4. 2. 8 ts  (+),  ts  (-)  - Settling  time  was  changed  from  a sampled  test  to  a 
qualification  test  for  several  reasons. 

1)  It  is  design  dependent  rather  than  lot  dependent. 

2)  Its  value  can  be  inferred  from  rise  time  and  overshoot  data. 
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, 5.4.2.9  N1  (BB) , Ni  (PC)  - The  JC-41  Committee  recommended  a new  test 

circuit  to  measure  broadband  and  popcorn  noise.  This  method  was  reviewed  and 
approved  by  GEOS.  With  this  new  method,  nulling  amplifier  noise  does  not 
j contribute  to  the  noise  of  the  device  under  test.  As  in  /lOlD,  the  test  time 

t required  to  measure  popcorn  noise  is  15  seconds. 

t|  5.4.3  /lOl  Document  Corrections 


The  following  change  recommendations  are  offered  to  correct  minor  dis- 
crepancies in  the  /lOl  document.  | 

5.4. 3.1  In  table  III,  tests  should  be  added  for  Vio»  IlO>  ’•‘IlB  "IlB  for  | 

the  conditions  V^c  = ±5  V,  = 0 at  Ta  = -55°C  and  T^  = 1250C.  Table  I does 

not  exclude  these  conditions.  < 

5.4. 3. 2 The  symbol  Vq^p  should  be  replaced  with  Vop  wherever  it  appears  to 
reflect  zero-to-peak  swing  measurements. 

5.4. 3. 3 The  noise  test  circuit  shown  in  /lOl,  figure  10,  could  be 
eliminated  by  incorporating  the  same  information  in  figure  8 and  its 

associated  table,  (l.e.,  additional  switches  could  accomplish  this).  ' 

5.4. 3.4  The  /lOl  figure  8 test  circuit  and  its  associated  table  is  very 
important  for  defining  all  test  conditions.  It  would  be  easier  to  follow  if 
the  switches  were  replaced  with  relay  contacts  and  if  their  configuration  in 
the  table  were  defined  in  terms  of  I's  and  O's  to  show  their  respective 
states.  This  is  being  done  in  the  /llO  quad  op  amp  spec.  A copy  of  its 
associated  test  circuit  and  table  is  attached  in  the  quad  op  amp  section  of 
this  report. 

5.4. 3. 5 In  Amendment  2 of  /lOlD  the  schematic  on  page  17  is  labeled  "Device 
type  04  and  05,  Circuit  B".  The  "05"  should  be  replaced  with  "06". 

5.4. 3. 6 In  figure  8,  switch  S6  shows  an  open  for  the  condition  to  force 
the  device  under  test  (DUT)  to  zero  at  the  output.  It  is  bad  practice  to 
leave  an  op  amp  input  "open"  for  noise  considerations.  A better  solution  is 
to  eliminate  S6  and  define  the  desired  voltage  in  the  table. 

5.5  Conclusion 

The  effort  expended  in  modifying  MIL-M-38510/101  was  to  make  the 
document  more  usable  to  vendors  and  users  alike.  It  was  not  a characteri- 
zation effort  in  which  devices  were  measured  and  analyzed.  No  raw  data  from 
any  vendors  was  seen.  Many  of  the  changes  were  made  to  improve  vendor  through- 
puts and  yield  without  affecting  the  basic  reliability  of  the  devices.  Much 
of  the  work  on  this  program  is  not  readily  visible  or  covered  in  this  report. 

Consulting  with  vendors  on  problems  and  solutions  did  not  necessarily  result 
in  changes  to  the  /lOl  documents.  The  technical  content  of  all  such  con- 
versations has  been  entered  in  a log  book.  Trip  reports  and  monthly  progress 
reports  also  document  related  efforts. 
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5.6  Reconmendatlons  for  Future  Efforts 

An  Important  parameter  i«hlch  may  require  future  effort  Is  that  of 
Avs.  Many  op  amps  have  much  higher  gain  than  the  comoonly 
specified  value  of  25  V/nV  over  temperature.  With  these  high  open- loop  gains, 
measured  under  load,  thermal  effects  distort  the  measurement.  Even  the 
polarity  of  the  gain  measurement  can  be  changed  by  the  thermal  effects.  At 
present  the  specification  does  not  define  or  exclude  the  thermal  effects  from 
the  true  open- loop  gain.  Since  these  effects  are  real,  the  specification 
should  deal  with  them.  Otherwise,  the  screening  value  of  the  parameter  Is 
lost.  The  effect  of  the  thermal  Influence  also  changes  with  time.  Pending 
any  further  analysis.  It  Is  reconnended  that  the  gain  be  measured  at  a high 
enough  load  resistance  to  minimize  thermal  effects. 
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Figure  5-3.  Device  type  03  and  05,  circuit  C 
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Table  5-1.  Operational  amplifier  M38510/10101,  /10102  (741A,  747A) 
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Table  5-1  (cont'd)  Operational  amplifier  M3851t)/10101,  /10102  (741A,  747A) 


Table  5-1  (cont'd)  Operational  amplifier  M38510/10101,  /10102  (741A,  747A) 
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10/  Test  method  change  is  recommended  such  that  V'jq  is  not  used  in  the  AVS  calculation. 


Table  5-1  (cont'd).  Operational  amplifier  M38510/10101,  /10102  (741A,  6e47A) 
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Table  5-2.  Operational  amplifier  M38510/10103,  /10105  (DilOlA,  LH2101A) 
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Table  5-2  (cont'd).  Operational  amplifier  M38510/10103 , /10105  (LMlOlA,  LH2101A) 
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10/  Test  method  change  is  recommended  such  that  Vjq  is  not  used  in  the  AVS  calculation. 
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Table  5-3.  Operational  amplifier  M38510/10104,  /10106  (LM108A,  LH2108A) 
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10/  Test  method  change  Is  recommended  such  that  Vjg  is  not  used  In  the  AVS  calculation. 
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10/  Test  method  change  is  reconmended  such  that  Vjq  is  not  used  in  the  AVS  calculation. 
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SECTION  VI 
MIL-M-38510/102 

6.1  Background  and  Introduction 

The  voltage  regulator  specification  /102  covers  the  detail 
requirements  for  a monolithic,  silicon  voltage  regulator  (com- 
mercial type  723).  There  were  only  two  problems  associated  with 
the  /102  specification  when  the  contract  effort  began.  First, 
the  llne-translent-response  test  limits  could  not  be  met  by  most 
manufacturers  by  a factor  of  10,  even  though  the  limits  were  the 
same  as  those  called  out  In  the  commercial  specification.  Second, 
the  /102  specification  was  in  need  of  clarification  of  the  var- 
ious test  conditions,  test  circuit  component  values,  test  tech- 
niques and  test  parameters.  Each  test  condition  of  /102  needed 
explicit  definition. 

6.2  Description  of  Device 

The  device  specified  by  /102  Is  precision  voltage  regula- 
tor, equivalent  to  the  commercial  type  723-  The  device  equiva- 
lent block  diagram  Is  shown  in  figure  6-1.  Though  used  primarily 
for  series  regulator  application.  It  can  be  operated  with  either 
positive  or  negative  power  supplies  In  series,  shunt,  switching, 
or  floating  modes . Several  Interconnection  options  are  provided 
to  extend  the  capability  of  the  device  In  various  applications. 

The  Internally  generated  reference  voltage  is  buffered  and 
brought  out  externally  for  use  in  a variety  of  connections . The 
Inverting  and  non-lnvertlng  Inputs  of  the  error  amplifier  are 
brought  out  externally  to  allow  for  additional  flexibility. 

The  collector  of  the  internal  power  transistor  is  separated  from 
the  Internal  circuitry  and  is  brought  out  externally.  An  off- 
setting Zener  diode  Is  provided  for  minimum  external  parts  count 
In  floating  configurations  when  using  the  DIP  package  versions. 

The  device  provides  for  limiting  the  output  current  by  either 
linear  or  foldback  methods . 


6.2  Description  of  Device  - (Continued) 


Figure  6-1.  Device  block  diagram 

The  output  voltage  of  the  device,  when  used  as  a series 
regulator,  is  adjustable  from  2 volts  to  37  volts.  The  basic 
external  circuitry  for  the  device  used  in  this  mode  is  shown 
in  figure  6-2  and  6-3.  The  device  will  supply  output  currents 
up  to  150  milliamps  without  external  pass  transistors,  but 
external  transistors  can  be  added  to  provide  any  desired  load 
current.  A capacitor  (Cl)  is  required  to  roll  off  the  error 
amplifier  and  provide  frequency  compensation.  An  external 
resistor  divider  network  is  used  to  obtain  the  desired  regulated 
output  voltage.  A capacitor  (Cref)  is  used  to  reduce  the  output 
voltage  noise  and  ripple . 
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REF  X 

Rl  + R2 


VREF 

Rl  R2 


Rl  X R2 

Rl  + R2 
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Figure  6-2.  Basic  low-voltage  regulator  (Vq  = 2 to  7 


t 


Figure  6-3.  Basic  high-voltage  regulator  (Vq  = 7 to  37  volts) 


6.3  Discussion 

All  of  the  original  test  limits  of  /102  were  obtained 
from  available  commercial  specification  sheets.  However,  most 
manufacturers  could  not  meet  the  line-transient-response  test 
limits  of  /102  by  a factor  of  10.  To  alleviate  this  problem  it 
was  agreed  to  Increase  this  limit  from  the  original  1 mlllivolt/- 
volt  to  10  mllllvolts/volt,  and  at  the  same  time  Increase  the 
rise  and  fall  times  of  the  line-transient  pulse  used  in  this  test 
from  the  original  value  of  500  nanoseconds  to  1 microsecond. 
Laboratory  evaluation  of  devices  from  several  manufacturers 
showed  that  most  devices  could  meet  the  new  test  limit. 


VT-4 


6.3  Discussion  - (Continued) 


Previously,  the  test  conditions  of  /102  were  not  clearly 
defined,  and  could  lead  to  correlation  problems  between  test 
techniques.  To  alleviate  this  problem,  /102  was  revised  so  that 
all  test  conditions  which  could  affect  performance  of  the  device 
are  now  explicitly  defined. 

6.4  Items  for  Future  Consideration 

The  standard  circuit  schematic  of  the  723  has  two  NPN 
transistors  with  common  collectors,  the  Inverting  transistor  of 
the  input  differential  pair  and  the  current  limit  transistor. 

A user  of  the  device  reports  that,  since  these  transistors  have 
common  collectors,  some  manufacturers  have  designated  them  into 
the  same  epitaxial  "tub".  A lateral  PNP  injection  can  occur, 
if  sufficient  care  is  not  taken  to  separate  the  base  diffusions 
when  the  base-collector  Junction  of  the  current  limit  transistor 
is  forward-biased.  The  base-collector  Junction  of  the  current 
limit  transistor  is  routinely  forward-biased  when  the  device  is 
used  in  the  switching  mode.  The  problem  causes  an  artificially 
high  base  voltage  on  the  inverting  input  transistor  due  to  the 
lateral  current  flow  from  the  current  limit  transistor  base 
region.  The  /102  specification  does  not  presently  contain  a 
test  that  will  uncover  this  type  of  design  problem.  The  manu- 
facturers that  had  this  problem  with  their  devices  were  all 
from  Canada  and  do  not  build  the  device  anymore.  In  the  future, 
a test  to  uncover  this  type  of  problem  may  have  to  be  added  to 
/102. 
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SECTION  VII 

MIL-M-38510/103  VOLTAGE  COMPARATORS 


7.1  Background  and  Introduction 

The  slash  sheet  for  voltage  comparators  originated  in 
1972,  was  revised  in  1973,  and  amended  in  1974.  The  specifi- 
cation prior  to  this  1977  revision  included  four  device  types: 


Device  Type 

Descriptive  Name 

Commercial  Type 

01 

Voltage  comparator 

710 

02 

Dual  comparator 

711 

03 

Voltage  comparator/Buf fe; 

r LM106 

04 

Voltage  comparator 

111 

A major  task 

in  this  characterization 

effort  was  to 

resolve  problems  within  the  spec  for  device  type  04,  the  111 
comparator,  and  to  incorporate  the  changes  into  revision  B.  An 
additional  device  type,  the  LH  2111  (dual  111)  comparator,  was 
also  added  to  the  /IO3  issue . 

In  this  slash  sheet,  the  111  comparator  is  by  far  the  most 
popular  device  from  a user  point  of  view,  and  most  of  the  manu- 
facturers were  concerned  only  about  curing  the  111  ills.  (One 
vendor  also  requested  minor  changes  to  device  type  01  and  02.) 

At  the  end  of  1976,  there  were  no  qualified  sources  for  the  111 
comparator.  Even  the  Inventor  manufacturer  made  a point  of  this 
in  a headline  story  in  Electronics  Buyer's  News  (Nov.  1,  1976), 
claiming  that  they  had  a "zero  yield"  to  the  existing  spec. 

Prior  to  this  contractual  effort,  a proposed  spec  revision 
of  /IO304  was  prepared  at  F-IADC  and  was  issued  via  DESC  to  manu- 
facturers and  users  (especially  FI6  Program  users)  for  comments. 
This  drawing,  referred  to  as  the  "DESC  Drawing"  for  the  111  and 
the  dual  111  comparator,  was  delivered  to  GEOS  along  with  comment 
letters  from  Advanced  Micro  Devices,  Motorola,  Texas  Instr-uments , 
and  National  Semiconductor.  During  the  next  several  months,  many 
additional  comments  were  received  (mostly  verbal)  from  attendees 
at  JC-41  meetings.  Data  for  forty-one  111  devices  from  two 
vendors  taken  on  the  Tektronix  S3260  Test  System  at  RADC , was 
later  forwarded  to  GEOS.  All  of  this  information  was  reviewed, 
and  the  main  effort  centered  upon  revising  the  DESC  drawing  for 
the  111  comparator. 
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7-2  Device  Description 


The  111  comparator  features  very  low  input  bias  currents 
(100  to  200  nA  max),  a differential  voltage  range  of  +30« 
a wide  range  of  supply  voltages (five  volts  single  to  +15  volts 
dual),  and  high  output  voltage  and  current  (50  volts,  50  mllli- 
amperes),  A typical  schematic  is  shown  In  figure  7-1. 


BALANCE/ 

STROBE  BALANCE 


Figure  7-1.  Typical  schematic 

The  input  differential  stage  (Q1 . Q2)  has  a high  emitter- 
base  breakdown  voltage  in  order  to  provide  the  +30-volt 
differential  input  voltage  , The  current  source~"whlch  supplies 
the  input  stage  bias  can  be  raised  to  increase  the  input  slew 
rate  by  connecting  the  BALANCE  and  BALANCE/STROBE  terminals  to 
+Vqc  • Offset  balancing  can  be  achieved  by  connecting  a potentio- 
meter to  these  terminals,  with  the  wiper  connected  through  a 
resistor  to  +Vcc • The  BALANCE/STROBE  terminal  can  be  used  to 
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7.2  Device  Description  - (Continued) 

strobe  the  device  via  an  external  transistor  switch.  The  output 
can  drive  loads  referenced  to  ground  or  to  either  supply.  The 
emitter-follower  output  (pin  1)  can  be  used  to  drive  loads  like 
lamps  and  relay  colls;  however,  the  device  is  difficult  to 
stabilize  in  this  configuration. 

7-3  Table  I Parameters  and  Limits 

Extensive  changes  were  required  to  the  table  I parameters 
and  limits  in  order  to  characterize  a more  producible  111  com- 
parator. Since  there  were  no  qualified  sources  for  the  part, 
user  impact  was  not  a driving  force  . Some  of  the  users  at  the 
JC-41  meetings  indicated  that  they  perform  their  circuit  designs 
using  the  Industry  data  sheet  (or  the  published  catalog  infor- 
mation) . Some  of  the  users  may  have  based  their  designs  upon 
the  existing  /103A,  which  has  very  tight  limits  on  many  para- 
meters, and  which  also  had  some  obvious  errors.  These  users 
should  have  encountered  great  difficulty  in  procuring  devices 
to  that  specification.  For  the  (assumed)  small  number  of  such 
users,  it  is  recommended  that  they  reassess  the  Impact  of  the 
new  /103B  limit  changes  on  their  designs. 

Regarding  the  sources  of  information  provided  to  GEOS 
(listed  in  7.1)  for  this  investigation,  the  following  comments 
provide  additional  detail: 

MIL-M-38510/103A 


DESC  Drawing 


This  formed  the  basis  from  which 
a new  revision  would  be  issued. 
Table  I was  not  in  good  agreement 
with  the  test  procedures  of  table 
III,  and,  in  that  sense,  table  I 
was  misleading. 

This  document  had  already  been 
circulated  for  comments,  and 
provided  a useful  working  spec, 
considerably  improved  over  /103A. 
The  rationale  for  limit  changes 
was  not  known  to  GEOS,  however. 


Manufacturer  Comment  Many  of  the  letters  for  the  most 

Letters  " part  commented  on  the  DESC  draw- 

ing. Some  manufacturers  obviously 
had  not  done  a thorough  review 
and  had  very  few  comments  at 
first.  (obvious  errors  in  the 
comment  copy  were  not  recognized 
by  these  manufacturers . ) There 
was  not  a great  deal  of  consis- 
tency in  the  maker  comments . 
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7.3  Table  I Parameters  and  Limits 

Manufacturer  Comment  _ (l.e.,  each  was  having  his  own 

Letters  - (Continued)  particular  difficulties) 

although  there  were  certainly 
some  common  problems  shared  by 
all . 

JC-41  Committee  - This  committee  was  very  effective 

in  resolving  many  of  the  differ- 
ences among  manufacturers,  and 
in  weeding  out  comments  and  com- 
plaints that  had  no  validity. 
Through  the  process  of  open-table 
discussions,  additional  problems 
were  identified  and  solved  effec- 
tively. Considerable  weight  was 
placed  on  the  committee  decisions, 
since  user,  maker,  government  and 
GEOS  took  part  in  the  resolution 
of  the  problems . Unfortunately, 
no  data  was  provided  by  any  of 
the  manufacturers . 

RADC  Data  - This  data  was  taken  on  the  Tek- 

tronix S326O  Test  System.  Much 
of  it  was  taken  at  the  three 
temperatures  of  Interest  (4-125°C, 
25°C,  and  -55°C),  The  majority 
of  the  data  was  taken  on  devices 
from  one  vendor  (32  devices  of 
4l).  Of  the  32  devices,  2?  were 
of  an  older  design  that  Indeed 
showed  many  parameter  failures . 

The  new  design  from  that  vendor 
showed  much  better  performance, 
but  the  sample  was  also  very 
small  (five  pieces).  Nonethe- 
less, the  data  provided  a source 
of  Information  that  could  sub- 
stantiate a problem  with  tight 
limits,  but  could  not  be  used  to 
verify  limits,  due  to  the  small 
sample  size  . 
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RADC  Report  - Previous  work  performed  by  another 

characterization  activity  under 
contract  F30602-7^-C-0l27, 
"Electrical  Specification  of 
Linear  Integrated  Circuits"  was 
also  reviewed,  and  the  results 
of  that  effort  were  applied  to 
the  current  characterization 
effort,  where  appropriate. 

GEOS  Interfaces  regularly  with  the  Naval  Weapons  Support 
Center  (NWSC)  In  Crane,  Indiana  concerning  components  for  Fleet 
Ballistic  Missile  (FBM)  equipments.  The  111  comparator  is  pre- 
sently procured  for  GEOS  in  accordance  with  NWSC  drawing  3203068, 
"Specification  for  G-504  Microcircuits",  which  Is  In  close  agree- 
ment with  38510/IO3A.  NWSC  reports  that  there  have  been  "massive 
problems  on  most  Group  A parameters.  Vtqj  IlO>  ^IB>  were 

especially  bad"  referring  to  one  vendor's  parts.  In  a lot  of  140 
pieces  procured  from  another  major  source,  NWSC  reported  the 
following  failures: 

+26°C  +125°C  -55°C 

8 Aye  1 IlO  17  VjQ  adj- 

3 VIO  2 VjQ  2 Vio  adj+ 

3 ^OLl  (total  or  3 units)  1 Vqlq 

, 1 ICC  , 1 Vol4 

(total  of  13  units)  1 A 

(total  o 

This  Information  was  also  considered  in  this  investigation, 

7.3.1  Comparison  of  Limits 

Table  7-1  shows  a comparison  of  limits  obtained  from 
several  sources.  The  column  heading  "GEOS/103B"  identifies 
the  final  GEOS  recommendations  for  the  new  revision  of 
3851O/IO3B.  Table  7-2  is  from  /103B,  table  I. 

7.3.2  Offset  Voltage 

Offset  voltage  is  tested  with  split  supplies  (+  15  volts) 
over  the  common  mode  range,  and  over  the  temperature  range;  with 
a single  supply  (+5  volts)  at  zero  common  mode  over  the  tem- 
perature range;  at  raised  input  current  with  dual  supplies  over 
common  mode  and  temperature,  for  the  total  of  21  tests.  Since 
offset  does  vary  in  all  of  these  different  configurations,  it  is 
necessary  to  perform  the  tests  in  order  to  guarantee  performance . 


Y^18  units) 
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Table  7-1.  Ill  Comparison 


— 

Conditions 
+Vcc  = +15V 

UnTess  OtKerwlse 
Specified 

1/ 

^A 

(°c) 

38510 

/103A 

Parameter 

Min 

Max 

Vio 

RS  = 50-ru 

Vic  = 0,  13,  -14.5V 

25 

-55  to  125 

-2 

-3 

+2 

+3 

o 

M 

> 

Rs  = 50  Jl.  , Vjc  = 0 
jt^cc  • 5v 

25 

-55  to  125 

-2 

-3 

+2 

+3 

VlO(R) 

Rs  = 50-0. 

Vic  =0,  13,  -14.5V 
^BAL  = VbAL/STB  = +Vcc 

25 

-55  to  125 

-2 

-3 

+2 

+3 

Rs  = 50-n. 

-55  to  125 

-2 

+2 

1 10 

Rs  = 100  Kji. 

Vjc  = 0,  13,  -14.5V 

25  to  125 
-55 

-10 

-15 

+10 

+15 

^io(r) 

Rs  = 100 

Vic  = ov 

^BAL  = Vbal/STB  = +Vcc 

25  to  125 
-55 

-10 

-15 

+10 

+15 

A^ioAT 

Rs  = 100  K.n_ 

25  to  125 
-55 

-20 

-50 

+20 

+50 

Rs  = 50-0.. 

25  to  125 

-100 

— 

0 

Vic  = 0 

-55 

-125 

0 

Vic  = -14.5V 

25  to  125 

-100 

0 

-IlB 

(Same  as  above  for  +Iib) 

-55  _ J 

-125 

0 

^O(STB) 

R = 50JI. 

ISTB  =-3.0  mA 

-55  to  +1?5 

- 

- 

CMR 

Rs  = 50.O. 

Vic  = 13,  -14.5V 

-55  to  +125 

80 

- 

Table  7-1.  Ill  Comparison  - (Continued) 


Conditions 
+VcC  = +15V 
UnTess  OtEerwise 
Specified 


+VCC  = + i8v 
Vo  = 32V 
Vio  = 5 niv 


+Vcc  = j^iSv 
Vo  = 32V 


+VCC  = +i8v 
VjD  = - 29V 


±Vcc  = ±i8v 
VIP  = 4-29V 


10  ms,  maix 


(Calculation) 


VlO(ADJ)4-  RS  = 50-^ 
VIO(ADJ)- 


+Vcc  = +^.5V 
-Vrr  = 0 
ViD  = -6  mV 
lO  = 8 mA 


■55  to  +25 
125 


-55  to  +25 
125 


-55  to  +125 


-55  to  +125 


-55 

+25 

+125 


-55 

+25 

+125 


-55 

+25 

+125 


-55 

+25 

+125 


25  to  125 
-55 


-55  to  +125 
and  Vic=-l*75V 
Vic  = +0.75V 


1 38510 

1 /103A 

Min 

Max 

0 

100 

0 

100 

-100 

0 

-100 

0 

0 

20 

0 

20 

0 

6 

0.5 

4 

0.5 

6 

-3 

0 

-4 

-0.5 

-5 

-0.5 

120 

200 

70 

170 

50 

130 

o o 


I 


Table  7-1 » 111  Comparison  - (Continued) 


Parameter 

Con 

+VCC 

UnTess 

Spe 

ditlons 
= +15V 
OtHerwlse 
cif led 

1/ 

Ia 

(°C) 

38510 

/103A 

Min  Max 

V0L3 

VoL4 

+Vcc  = 

ViD  = - 

lo  = 50 

+15V 
■5.0  mV 
mA 

-55  to  +125 
and  Vic  = 13V 
Vic  = 

0 

0 

1.5 

1.5 

o 

> 

30V 

1 Kju  L 

oad 

+25 

-55  to  +125 

200 

150 

- 

+AVE 

Rl  = 60 

Osi. 

+25 

-55  to  +125 

50 

40 

^RLHC 

VoD  = - 
Cl  = 50 

ViN  = 1 

5 mV 

pP 

00  mV 

-55  to  +25 
+125 

I 

300 

300 

tRHLC 

VoD  = + 
Cl  = 50 
ViN  = 1 

5 mV 
pF 

00  mV 

-55  to  +25 
+125 

300 

300 

tRLHE 

VoD  = + 
Cl  = 50 
VIN  = 1 

5 mV 
pP 

00  mV 

-55  to  +25 

4-125 

- 

800 

800 

^RHLE 

VOD  = - 
Cl  = 50 
VIN  = 1 

5 mV 
pF 

00  mV 

-55  to  +25 
+125 

- 

1300 

1300 

NOTE; 

1/  TeTiperature  range  grouping  Tiay  not  be  consistent 
from  all  specification  sources . 
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Electrical  performance  characteristics  for  device  types  04  and  05 


Table  7-2.  Electrical  performance  characteristi 


7.3-2  Offset  Voltage  - (Continued) 


The  RADC  data  revealed  a high  Incidence  of  failures  (50  to 
100  percent)  on  this  parameter  under  all  conditions,  for  the 
first  submittals  from  one  vendor.  A small  sample  of  a redesigned 
part  showed  very  few  failures.  The  NWSC  data  reinforced  the  case 
for  an  Increase  In  limits.  JC-41  made  the  recommendation  for 
three  millivolts  at  25°C  and  four  millivolts  over  temperature. 
Applying  the  temperature  drift  limit  of  25  uV/°C  x (125  - 25°C ) = 
2.5  niV,  one  could  argue  the  case  for  a limit  over  temperature 
of  3 mV  4-  2.5  mV  = 5.5  fnV.  Another  argument  against  a tighter 
limit  at  25°C  Is  that  military  systems  have  to  be  designed  for 
the  complete  temperature  range.  There  Is  no  need  to  constrain 
the  maker  to  a tighter  limit  since  the  user  has  to  use  the  tem- 
perature limits.  While  this  rationale  may  be  valid  for  many 
applications,  there  are  military  applications  where  severe  tem- 
perature environments  are  not  encountered  and  the  designer  may 
estimate  a "poor  case"  rather  than  a "worst  case"  parameter 
limit . 

The  raised  offset  voltage  limits  are  another  Issue.  JC-41 
recommended  that  these  tests  be  deleted  since  the  manufacturers 
do  not  believe  that  anyone  uses  the  part  In  the  raised  configura- 
tion. Nonetheless,  the  configuration  is  shown  in  the  vendor 
catalogs,  and  Is  listed  among  the  features  of  the  device,  so  that 
a designer  may  have  used  It,  or  may  anticipate  using  it.  Two 
makers  wanted  the  limit  Increased;  one  observed  that  an  increase 
of  one  millivolt  was  typical  in  the  raised  configuration. 

In  consideration  of  all  of  the  above  arguments,  the  limits 
shown  under  the  column  heading  "GEOS/IO3B"  are  the  final  recom- 
mendations for  offset  voltage  tests. 

7.3.3  Offset  Voltage  Drift 

The  test  limit  for  offset  voltage  temperature  drift  in 
385IO/IO3A  Is  +2  pV/oc . This  limit  is  totally  unreasonable  for 
the  111  comparator,  and  may  have  been  an  error  in  the  printing. 
Previous  characterization  done  under  contract  F30602-74-C-0127 
included  analysis  of  data  on  50  pieces  . A recommendation  of 
+25  VV/°C  was  made  in  that  effort.  The  DESC  drawing  and  the 
JC-41  committee  agreed  to  the  limits,  and,  therefore,  the 
present  recommendation  incorporated  into  /103B  Is  +25  pV/  C. 

7.3.4  Input  Offset  Current 

The  input  offset  current  is  not  consistently  specified  in 
tables  I and  III  of  /IO3A . Table  I shows  a limit  of  15  nano- 
amperes (nA),  whereas  table  III  shows  a limit  of  10  nanoamperes 
at  25°C  and  15  nanoamperes  at  the  temperature  extremes.  The 
25°C  limit  was  judged  to  be  too  tight  by  two  vendors;  one 
requested  a limit  of  12  nA , the  other  wanted  a limit  of  15  nA . 
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7.3.^  Input  Offset  Current  - (Continued) 

However,  the  catalog  limit  is  10  nA , and  three  major  vendors 
were  satisfied  with  leaving  the  limit  at  10  nA . The  limit  was 
not  changed  at  25°C,  therefore. 

At  125°C , the  input  offset  current  is  typically  less  than 
the  value  at  25°C,  since  the  input  bias  currents  decrease  with 
increasing  temperature.  One  vendor  stated  that  a redesigned  111 
comparator  which  they  developed  did  not  show  this  trend,  and 
could  even  increase  with  increasing  temperature.  This  could 
change  the  character  of  the  part.  It  was  finally  concluded  that 
a separate  limit  could  be  added  at  a future  date  for  the  parti- 
cular schematic  of  the  redesigned  part,  when  the  device  is  ready 
to  be  qualified.  The  125®C  limit  was  therefore  chosen  to  be  equal 
to  the  25°C  limit.  Even  though  it  will  be  somewhat  less  at  125°C, 
there  is  no  apparent  advantage  to  the  user  to  select  a lower 
limit  at  the  high  temperature. 

The  current  at  -55°C  can  be  as  much  as  twice  that  at  25°C . 
Applying  the  coefficient  of  offset  current  temperature  drift 
yields  a current  change  of  20  nA  in  the  temperature  range  of 
-55°C  to  +25°C . The  JC-41  Committee  reported  that  the  limit  of 
15  nA  was  too  tight  for  this  device,  and  the  limit  was  relaxed  to 
the  catalog  value  of  20  nA  for  the  temperature  range  of  -55°C  to 
+25°C  . 


When  the  input  is  "raised",  the  input  bias  current  more 
than  doubles.  Revision  /103A  does  not  take  this  into  account. 

JC-41  recommended  elimination  of  this  parameter  in  the  raised  con- 
figuration. In  accordance  with  the  rationale  for  raised  Vto 
(previously  stated),  the  parameter  was  retained,  but  with  realistic 
limits  previously  determined  for  the  DESC  drawing,  as  shown  in 
table  7-1. 

7.3.5  Input  Offset  Current  Drift 

As  was  the  case  for  input  offset  current,  the  drift  limits 
in  /103A  were  excessively  tight,  and  not  realizable  for  the  111 
comparator.  Previous  characterization  effort  resulted  In  the  DESC 
drawing  recommendation  of  "^0  picoamperes  (pA)  per^C  for  the  hot. 
temperature  range,  and  I50  pA/°C  for  the  cold  temperature  rant^e , 
These  limits  were  still  not  adequate  in  the  judgment  of  the  JC-41 
Committee . They  requlreci  100  pA/°C  for  the  hot  range,  and  (by 
the  2 to  1 ratio),  200  pA/^C  for  the  cold  range.  Since  this  Is 
still  a very  low  drift  and  is  also  a difficult  measurement  at 
these  very  low  currents,  the  request  was  granted. 
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7.3.6  Input  Bias  Current 


There  was  no  contention  for  the  /103A  limit  of  100  nA  az 
25  C for  the  input  bias  current.  The  cold  temperature  limit  was 
a problem  to  the  manufacturers,  and  a small  change  probably  won't 
impact  the  average  user.  Table  I of  /103A  was  incorrect  in  that 
it  showed  only  the  limit  of  125  nA,  and  was  not  consistent  with 
table  III.  A small  increase  from  125  nA  to  I50  nA  at  -55°C  was 
granted.  As  per  the  previous  discussion  on  IqSj  the  hot  limit 
remains  the  same  as  the  room  temperature  limit. 

7.3.7  Strobe  Current 

The  test  for  strobe  current  was  originally  run  by  measuring 
that  value  of  current  flowing  out  of  the  strobe  terminal  required 
to  establish  an  output  voltage  (high)  of  14  volts  minimum  in  the 
presence  of  an  input  drive  signal  of  -5  mV.  The  DESC  drawing 
changed  the  test  philosophy  by  forcing  the  strobe  sink  current  to 
a known  value  (-2  mA ) and  measuring  an  output  voltage  of  lA  volts, 
minimum.  This  method  is  superior  because  it  matches  the  applica- 
tion, which  essentially  consists  of  a current  sink  to  zero  volts 
at  the  strobe  terminal . The  DESC  drawing  called  for  a current 
of  two  mllliamperes . This  is  not  sufficiently  large  at  -55'^C  to 
ensure  a "high"  output  state.  The  value  of  three  mllliamperes  is 
required.  It  should  be  noted  that  a user  cannot  use  the  strobe 
circuit  shown  in  vendor  catalogs  (which  is  a transistor  switch 
with  a one  kilohm  emitter  resistor  to  zero  volts  driven  by  a TTL 
gate),  since  a worst  case  logic  "1"  is  2. A volts,  minimum,  which 
yields  a current  sink  of  less  than  two  milllamperes . A resistor 
value  must  be  selected  which  guarantees  three  milllamperes  sink 
at  the  strobe  terminal , 

7.3.8  Output  Leakage  Current 

The  test  limit  for  output  leakage  current  stated  in  /103A 
is  100  nA  at  all  temperatures,  with  l8-volt  supplies  with  an 
input  of  five  millivolts  and  with  an  output  voltage  of  32  volts. 
The  catalog  specs  are  10  nA  at  25°C  and  500  nA  at  the  temperature 
extremes.  The  DESC  drawing  recommends  the  same  limits.  There  is 
a problem  in  measuring  the  leakage  current  at  the  low  temperature 
of  -55°C  due  to  external  lealcage  paths  (e.g..  frost).  It  is 
known  that  the  leakage  current  at  the  low  temperature  will  always 
be  less  than  the  leakage  current  at  room  temperature.  Therefore, 
the  recommendation  was  made  to  delete  the  measurement  at  -55°C . 

7.3.9  Ground  Current 

The  test  circuit  for  the  111  comparator  Is  especially 
difficult  to  stablize  due  to  the  very  high  gain  and  bandwidth  of 
the  device.  It  is  even  more  of  a problem  when  the  output 
emitter-follower  configuration  is  used.  For  this  reason,  and 
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7.3. 9  Ground  Current  - (Continued) 


also  because  ground  current  is  not  an  important  design  parameter 
to  the  user,  the  parameter  was  deleted  from  the  requirements 
of  /103B  for  the  111  comparator  and  the  dual  2111  device. 

7.3.10  Input  Leakage  Current 

The  input  leakage  currents  are  measured  in  order  to  verify 
that  the  input  stages  have  a breakdown  voltage  higher  than  + 29 
volts.  If  the  front  end  has  already  passed  its  other  tests 
(such  as  input  offset  voltage  and  current),  then  the  only  para- 
meter left  to  be  verified  is  the  breakdown  differential  input 
voltages.  The  choice  of  limits  is  therefore  not  to  identify  a 
precise  leakage  current  limit,  but  rather  to  determine  whether 
or  not  the  devices  can  support  the  differential  voltage.  A 
limit  suggested  by  the  JC-4J  Committee  was  adopted,  which  is  500 
nA,  maximum.  It  is  understood  that  the  actual  leakage  is  much 
less  than  500  nA , and  that  this  larger  limit  is  for  measurement 
convenience  only. 

7.3.11  Supply  Currents  and  Power  Dissipation 

The  supply  current  limits  were  changed  to  reflect  the 
requirements  of  the  devices.  The  limits  in  /103A,  table  III, 
were  apparently  reversed  for  the  -55°C  and  +1250C  tests,  for 
-Iqq . In  the  new  revision,  the  minimum  values  were  also  changed 
to  zero  so  that  a minimum  current  is  not  a requirement.  If  a 
device  is  open,  it  will  obviously  fall  other  tests.  Power 
dissipation  was  dropped  from  table  I since  it  was  a simple  cal- 
culation that  offered  no  additional  information. 

7.3.12  Output  Short  Circuit  Current 

The  maximum  values  of  output  short-circuit  current  were 
changed  in  the  previous  characterization  effort  and  the  minimum 
values  were  retained.  The  JC-^1  Committee  recommended  that  the 
minimum  limits  be  dropped,  since  there  is  no  apparent  reason 
why  a minimum  short-circuit  current  has  to  be  guaranteed.  This 
recommendation  was  accepted.  The  changes  in  maximum  value  were 
also  accepted  since  there  is  not  penalty  to  the  user,  and  some 
devices  do  fail  the  former  /103A  maximum  limits. 
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7.3.13  Adjustment  for  Input  Offset  Voltage 

The  limits  for  VjofADj)  have  been  particularly  trouble- 
some. The  /IO3A  was  10  millivolts  (mV),  and  the  test  was  per- 
formed at  all  temperatrues . A general  guideline  for  this  para- 
meter is  to  select  a value  which  is  one  millivolt  greater  than 
the  offset  voltage  to  be  compensated.  The  JC-41  Committee 
recommended  the  same  value  as  that  determined  in  the  previous 
characterization  effort  (5  mV),  and  JC-41  also  recommended  per- 
forming the  test  at  25°C  only.  The  Vio  limit  is  3 mV  at  25°C, 
so  the  adjust  range  of  5 mV  would  also  Include  the  effects  of 
input  offset  current  multiplied  by  the  source  resistance  (20  nA 
X lOOK  = 2 mV) . The  test  is  performed  with  only  50  ohms  of 
source  resistance  but  a user  may  well  choose  higher  values.  The 
limit  of  5 mV  is  therefore  a reasonable  one  from  that  point  of 
view.  The  NWSC  data  shows  failures  at  all  temperatures  for  this 
parameter  to  a limit  of  5 mV,  however.  This  parameter  is  worst 
at  the  low  temperatures . Most  user  applications  would  do  the 
offset  adjust  at  room  temperature  or  with  elevated  temperature 
due  to  normal  circuit  dissipation.  Therefore,  the  recommendation 
to  delete  offset  adjust  except  at  25°C  was  accepted.  It  is 
anticipated  *r.at  some  yield  loss  will  occur  at  5 mV,  but  it 
should  be  tolerable. 

7.3.14  Low  Level  Output  Voltage 

Both  /IO3A  and  the  DESC  drawing  specified  four  tests 
(VoLl  - Vol4)  fOT'  output  voltage  saturation,  over  both  tempera- 
ture and  common  mode  voltage.  This  quantity  of  testing  is 
unreasonable  for  this  parameter.  JC-41/gEOS  recommendations  are 
for  one  test  at  low  supply  (+•4,5  volts)  at  each  temperature,  and 
a second  tests  at  +•  15  volts  at  maximum  output  current  (50 
milllamperes ) , agaTn  at  each  temperature.  For  the  single  supply 
test,  a common  mode  voltage  of  2.25  volts  is  applied;  for  the 
dual  supply  test,  the  common  mode  voltage  is  zero.  For  the  8- 
mA  output,  /IO3A  had  specified  a 6-mV  input  drive;  yet  for  the 
50- mA  output,  only  a 5-mV  input  differential  voltage  was 
specified.  For  /103B,  JC-41  ’•’ecommended  a 6-mV  input  drive  for 
each  test,  in  order  to  ensure  that  output  saturation  is  achieved. 

7.3.15  Voltage  Gain  (Collector  Output) 

Voltage  gain  is  a difficult  parameter  to  test,  since  the 
high  gain/high  bandwidth  comparator  has  a tendency  to  oscillate 
in  the  nulling  test  circuit.  The  test  limits  in  /103A  were 
high:  200  V/mV  minimum  at  room  temperature,  and  I50  minimum 

over  the  temperature  range.  The  DESC  drawing  relaxed  the  limits 
somevjhat  to  150  minimum  rt  room  temperature,  and  35  minimum 
over  fne  temperature  range.  The  JC-41  Committee  requested  a 
furthe'  relaxation  of  the  room  temperature  limit  to  80  minimum. 

A gain  of  80. coo  V/V  !.>=■  still  very  adequate  for  most  applica- 
tion.'’, and  since  a user  vmild  have  to  :on3ider  temperctu ■'•e 
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7.3.15  Voltage  Gain  (Collector  Output)  - (Continued) 

effects,  he  would  be  restrained  to  a lower  overall  limit  anyhow. 
The  change  to  80  V/mV  was  therefore  granted  for  the  25°C  limit. 
There  was  no  disagreement  by  anyone  for  the  change  to  35  V/mV, 
minimum,  over  temperature . 

7.3.16  Voltage  Gain  (Emitter  Output) 

Most  of  the  manufacturers  wanted  to  delete  the  test  for 
the  emitter  output  voltage  gain,  for  the  reason  that  the  test 
circuit  was  impossible  to  stabilize  in  this  mode.  One  vendor 
claimed  that  there  should  be  no  difficulty,  although  care  had 
to  be  exercised.  GEOS  felt  that  the  output  does  exist,  and, 
therefore,  it  should  be  tested.  A limit  change  was  made  to 
relieve  some  of  the  difficulty,  as  shown  in  table  7-1.  At  the 
time  of  this  writing,  there  is  still  difficulty  reported  by 
manufacturers,  and  this  decision  should  be  readdressed  in  a 
future  effort. 

7.3.17  Response  Time,  Low-to-hlgh  Level,  Collector  Output 

The  response  time  test  has  been  a problem  chiefly  at  the 
high  temperature  condition.  Data  from  one  manufacturer  showed  a 
typical  1.5  to  2.0  times  Increase  beyond  the  value  for  the  25°C 
test  condition.  All  manufacturers  agreed  via  JC-41  that  the 
high  temperature  limit  had  to  be  changed  since  it  was  a major 
detriment  to  yield.  The  original  25°C  limit  of  300  nanoseconds 
(ns)  was  acceptable  to  all  concerned  parties,  and  a proposed 
change  to  600  ns  for  the  temperature  range  was  also  agreed  upon 
for  the  low-to-high  transition.  The  DESC  drawing  had  also 
modified  the  response  time  test  circuit  by  adding  a shunt  output 
capacitance  of  50  PF  to  account  for  strays,  probe  and  test  Jig 
capacitance,  etc.,  and  also  to  aid  the  user  to  applying  the 
device  with  capacitive  loading.  Errors  on  the  waveforms  in 
figure  9 of  /IO3A  were  also  corrected  in  this  revision. 

7.3.18  Response  Time,  High-to-low  Level,  Collector  Output 

The  same  comments  apply  here  as  for  the  above  parameter, 
except  the  recommended  change  for  the  limit  at  high  temperature 
is  500  ns  Instead  of  6OO  ns . 

7.3.19  Response  Times,  Emitter  Output 

The  tests  for  emitter  output  response  time  were  deleted, 
due  to  the  difficulty  in  establishing  a stable  test  circuit  in 
the  emitter  output  configuration.  Further,  the  device  is  con- 
siderably slower  ■'n  this  configuration  and  should  only  be  used 
to  drive  low-speed  loads  such  as  relays,  lamps,  etc.  The  test 
limit  proposed  by  DESC  for  this  parameter  was  3500  ns  over  tem- 
perature at  -!-125°C. 


7.3.20  Table  I Limit  Change  for  Device  /10302 

One  manufacturer  requested  a limit  change  to  the  711 
comparator,  device  /IO3O2.  The  parameter  in  question  is 
the  response  time  of  the  output  in  a hlgh-to-lovi  transition 
resulting  from  a lOO-mV  step  with  a 5-mV  overdrive  at  the  input. 
Data  supplied  by  this  manufacturer  Included  data  on  his  o\-m 
devices  plus  samples  from  another  manufacturer.  The  data  showed 
that  a limit  of  60  ns,  maximum,  for  this  response  time  was  not 
compatible  with  the  capabilities  of  the  device.  The  current  sink 
capability  of  the  7II  is  only  O.5  mA,  compared  to  2.0  mA  for  the 
710,  and  50  mA  for  the  111  comparator.  The  test  circuit  in 
/103A  did  not  specify  any  value  for  output  capacitance,  although 
some  capacitance  always  exists  in  a test  circuit.  A value  of 
5 pF  was  recommended;  the  value  must  be  small  enough  not  to 
mask  the  device  characteristics,  and  large  enough  to  account 
for  strays.  The  test  limit  of  90  ns  was  selected  based  upon 
limited  data  and  recommendations  from  one  manufacturer.  This 
is  a low  useage  part  in  comparison  to  the  111  comparator,  and 
only  one  or  two  manufacturers  are  interested  in  becoming  quali- 
fied to  supply  the  part. 

7.^  Test  Circuit 

The  test  circuit  for  static  and  dynamic  tests  was  not 
evaluated  during  this  effort.  The  DESC  drawing  had  Included 
several  changes  which  had  been  reviewed  by  the  manufacturers 
and  which  had  received  a majority  approval.  Some  of  the  vendors 
have  general  difficulty  achieving  stability  vjlth  this  test 
circuit,  and  they  claim  that  the  111  comparator  was  not  intended 
to  be  operated  in  a linear  mode,  which  the  nulling  circuit  does 
Impose.  The  problem,  previously  discussed,  is  the  stability  of 
a high-gain,  high-bandwidth  device.  One  manufacturer  reported 
that  he  was  developing  an  alternate  test  circuit  which  he 
planned  to  propose  to  JC-41;  however,  this  has  not  been  com- 
pleted to  date.  If  difficulty  with  the  test  circuit  continues, 
it  should  be  reevaluated  in  a future  effort . 

Since  the  issuance  of  /103B,  two  additional  changes  to 
the  test  circuit  became  necessary.  The  Inp^it  source  resistors 
of  lOOK  ohms  had  to  be  changed  to  5OK  ohms  to  accomodate  the 
increased  maximum  input  bias  current  of  200  nA.  (200  nA  x lOOK 
X 1000  = 20  V,  which  exceeds  the  output  swing  of  the  null 
amplifier  in  the  test  circuit).  The  second  change  Involved  the 
addition  of  a relay  to  break  the  wired  connection  of  50K-'ohm 
resistors  to  ground  at  each  input.  This  shunt  resistance  inter- 
feres with  the  input  leakage  test.  The  relay  will  open  the 
shunt  path  to  make  the  measurement  valid.  These  changes  will  be 
Incorporated  in  an  amendment  to  /103B. 
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7.5  Bum-ln  Circuit 

The  111  comparator  burn-ln  circuit  was  designed  to 
achieve  bum-ln  at  maximum  output  current , However,  In  figure  3 
of  /103A,  a load  resistor  of  3OO  ohms  Is  specified  for  the  burn- 
ln  circuit.  Since  the  output  swings  between  +15  volts  and  -I5 
volts,  with  the  load  returned  to  -15  volts,  the  output  current 
approaches  100  mA.  The  rated  output  current  Is  50  fnA.  Con- 
sequently,  the  burn-ln  circuit  was  modified,  changing  the  3OO- 
;;  ohm  resistor  to  620  ohms. 

[ Another  change  made  to  the  burn-in  circuit  was  to  reduce 

the  Input  drive  from  + 15  V p-p  at  1 KHz  to  + 8 V p-p  at  1 KHz, 
which  is  more  readily  mechanized  with  standard  bench  test  equip- 
ment. The  decreased  Input  voltage  does  not  now  represent  the 
maximum  Input  stress,  although  maximum  output  stress  Is  main- 
tained . 


One  manufacturer  recommended  that  the  burn-in  circuit 
be  changed  to  one  of  maximum  output  voltage  stress  at  very  low 
output  current.  At  high  temperature,  sodium  contamination  on 
the  die  surface  will  penetrate  the  oxide  layer  and  affect 
Junction  breakdown,  leakage,  etc.  This  recommendation  was  not 
Incorporated,  although  it  should  be  reconsidered  In  a future 
effort . 

7.6  Table  IV  Operating  Life  Deltas 

The  end  point  electrical  parameters  selected  for  the  111 
comparator  in  /103A  were  V^o,  Ijo,  IlB*  delta  limit  on  Ijq 

was  1.5  nA . In  essence,  this  represents  a delta  of  a delta, 
since  Ijo  is  calculated  from  the  difference  of  the  two  input 
bias  currents.  The  1.5-nA  measurement  is  also  directly  affected 
by  the  measurement  accuracy  and  the  repeatability,  since  it  is 
made  over  a 1000-hour  life  test  period  and  may  even  be  measured 
on  different  instruments.  Therefore,  the  Ijq  delta  was  deleted 
from  table  IV,  and  a requirement  was  added  to  measure  both 
input  bias  currents  (instead  of  one  bias  current  and  a delta). 

The  maximum  bias  current  was  tightened  from  125  nA  to  100  nA 
to  agree  with  table  I.  An  additional  parameter,  output  leakage, 
was  added  to  table  IV  vjith  a delta  limit  of  5 nA,  at  the 
recommendation  of  a major  manufacturer.  The  Vjo  delta  limit  was 
retained  without  change. 

In  /103B,  table  II,  the  group  C and  D endpoint  electrical 
parameters  test  requirements  were  modified  to  include  subgroup  1 
tests  for  class  B and  class  D devices.  The  previous  revisions 
required  only  the  table  IV  deltas,  which  is  not  a sufficient 
check  after  a 1000-hour  life  test. 
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7.7  Recommendations  for  Future  Effort 

Slash  Sheet  103B  is  presently  being  amended  to  Incor- 
porate minor  changes  previously  discussed  In  this  section. 
Future  effort  could  be  applied  to  address  other  troublesome 
areas  which  may  still  penalize  the  yield  and,  therefore,  the 
cost  of  these  devices . The  following  Is  a brief  list  of 
suggested  topics  for  future  effort  on  slash  sheet  10304,-05: 

• Consider  alternates  to  the  existing  test  circuit 
which  would  be  less  prone  to  oscillations. 

• Consider  an  alternate  bura-ln  circuit  that  would 
detect  sodium  ion  contamination  more  readily 
(high  voltage  and  high  temperature  at  low  output 
current) . 

• Consider  alternate  methods  to  verify  the  emitter 
output  performance.  Present  test  configurations 
are  difficult  to  stabilize. 

• Survey  user  need  for  the  raised  configuration; 
delete  tests  If  there  is  no  user  need. 

• Consider  addition  of  an  emitter  output  leakage 
test  for  increased  reliability. 
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SECTION  vm 


MIL-M-38510/10404 

DUAL  DIFFERENTIAL  LINE  RECEIVER 


8.1  Background  and  Introduction 

MIL-M-38510/10404  has  been  issued  for  a few  years.  All  of  the  man- 
ufacturers were  having  trouble  meeting  the  requirements  especially  input 
current  low  for  the  strobe  and  response  control  inputs. 


8.2  Description  of  Device  Type 

The  particular  device  being  investigated  is  a dual  differential  line 
receiver  commercially  called  9615. 


8.3  Discussion 

The  vendor  exceptions  to  Ijl2  and  Iil3  limits  were  studied  in  great 
detail.  Two  of  the  manufacturers  requested  changes  to  the  present  limits. 
The  third  manufacturer,  when  contacted,  admitted  to  having  problems  with 
the  same  limits. 

The  problem  stems  from  the  fact  that  the  manufacturers,  when  settl- 
ing the  present  limits,  did  not  consider  all  the  current  paths  which  determine 
the  limits  over  the  temperature  range.  After  discussing  the  problem  thor- 
oughly with  the  manufacturers,  the  following  limits  were  agreed  upon: 

hL2  -1.0  mA  min  to -2.4  mA  max 
IlL3  -1.7  mA  min  to  -4.1  mA  max 
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SECTION  IX 

MIL-M-38510/108,  TRANSISTOR  ARRAYS 

9.1  Background  and  Introduction 

The  purpose  of  this  task  was  first  of  all  to  Investigate 
the  vendor  exceptions  to  the  present  specification  and,  secondly, 
to  investigate  the  two  areas  of  major  concern  to  t he  manufactur- 
ers (i.e.,  channel  separation  and  gain  bandwidth). 

9.2  Description  of  Device 

This  specification  covers  monolithic  NPN  transistor  arrays. 
These  transistors  can  be  used  in  a variety  of  applications  and 
are  specified  as  general  purpose  transistors  as  well  as  matching 
characteristics . 

9.3  Discussion 

The  following  list  is  submitted  to  give  recommendations 
for  changes  in  the  present  specification  in  answer  to  vendor 


exceptions : 

Page 

3 

Add  Note  10  to  collector  to  emitter 
voltage,  V0E(sat)- 

Page 

4 

For  temperature  coefficient  of  input 
offset  voltage  change  15  uV/oc  to  25 
uV/°C . 

Page 

5 

Add  footnote  10  limits  for  Q4  of  Type  01 
should  be  .55  volt  max  at  -55°C  and  25°C 
and  .80  volt  max  at  125°C. 

Page 

16 

In  Figure  7 change  ts  to  be  from  1.8 
volts  input  to  1.4  volts  of  output. 

Page 

17 

Figure  9 add  Note  5.  Other  circuit 
configurations  or  commercially  available 
equipment  is  acceptable  if  the  accuracy 
can  be  proven. 

Page 

18 

Test  No.  37  change  VcE(sat)  Pt’om  .400 
volt  max  to  .55  volt  max. 

Page 

20 

Test  No.  88  change  V0E(sat)  from  .600 
volt  max  to  ,800  volt  max. 

Page 

20 

Test  Mo.  105  change  I5  uV/oc  to  25  uV/^C 

Page 

21 

T’est  Mo.  129  change  I5  uV/°C  to  25  uV/°C 
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9.3  Discussion  (Continued) 


Page  21  Add  to  footnote  No.  14  except  for 
Qualification  only  CQl  shall  be 
measured . 

Page  26  Test  No . 123  change  15  uV/°C  to  25  uV/°C . 

Page  27  Test  Mo.  I60  change  I6  uV/^C  to  25  uV/°C . 

Page  28  Add  to  footnote  No.  2 except  for  qualifi- 

cation only  CQl  shall  be  measured . 


9.3.1  Channel  Separation 


The  channel  separation  test  was  cited  as  a very  difficult 
test  to  perform  even  as  a sample  test.  The  test  basically  called 
f'lr  one  transistor  to  be  pulsed  on  while  another  transistor 
QB  (with  its  base  and  emitter  grounded)  was  monitored  at  its 
c ilector,  which  was  pulled  up  to  Vcc . The  specified  limit  was 
80  decibels  and  a two-volt,  five-microsecond  pulse  with  five- 
nanosecond  edges  was  applied  to  the  base  of  . Therefore, 
the  test  man  was  asked  to  look  for  a 200-microvolt  pulse  on 
the  collector  of  Qg.  Several  problems  are  encountered  due  to 
the  low  level  of  the  maximum  allowed  output  pulse.  First,  any 
common  Impedance  back  to  the  supply  return  causes  an  apoarent 
pulse  to  appear  at  the  output.  Second,  the  supply  voltage  it- 
self responds  to  the  load  variation  and  develops  perturbations 
at  the  rising  and  falling  edges  of  the  pulse.  Third,  the  steep 
edges  (less  than  five  nanoseconds)  applied  to  the  base  of  Qa 
are  capacltlvely  coupled  to  the  collector  of  Qb,  which  tends  to 
confuse  the  test  man  into  thinking  that  these  perturbations  are 
v/iiai;  this  test  limit  is  directed  at.  (See  figure  9-1  showing 
edge  perturbations  at  Vcc  collector  of  Qbv  In  fact,  the 
test  man  should  be  looking  for  an  attenuated  flve-mlcrosecond 
pulse.  Since  the  channel  separation  is  much  better  than  80 
decibels  for  the  applied  pulse,  no  hint  of  such  a pulse  can  be 
seen. 


Due  to  the  difficulties  described  above  and  since  para- 
sitic capacitance  (which  this  test  is  directed  toward!  will 
degrade  the  gain-bandv;ldth  proouct,  ft > which  is  presently 
tested,  it  was  recommended  that  the  channel  separation  test  be 
deleted  . 

9.3.?  Gain  Bandwidth  (ft' 

The  f^  test  circuit  is  based  upon  MTL-STD-750,  Method  33G6j ' 
and  has  been  in  common  use  f;;r  many  years.  Admittedly.  100 
megahertz  measu’^ements  a-’e  difficult  to  perfo'^m,  and  lavout 
precautions  are  necessa’^y  on  the  test  equipment  and  test  socket. 
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9.3*2  Gain  Bandwidth  (Continued) 

Commercially  available  or  home-built  test  circuits  are  accept- 
able If  correlation  can  be  demonstrated. 

An  ft  circuit,  based  upon  the  MIL-STD  method,  was  con- 
structed In  the  Components  Engineering  Lab.  After  some  Initial 
adjusting  of  lead  lengths  and  layout,  the  circuit  performed 
adaquately  and  readings  were  repeatable.  The  gain  was  checked 
on  commercial  equipment  and  gave  similar  results. 

The  conclusion  is  that  the  ft  test  circuit  as  stated  can 
be  reproduced  and  used  without  great  difficulty. 


Collector  of  Qg 


Vcc 


Figure  9-1.  Pulse  perturbations 
9.^  Items  for  Future  Consideration 
Changes  to  be  considered  are: 

1)  Adding  circuit  layout  to  Figure  9 for  galn- 
bandwldth  product. 

2)  Drop  channel  separation  test  as  stated.  If 
test  remains,  a new  test  method  will  have  to 
be  developed . 
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SECTION  X 


MIL-M-38510/107A,  VOLTAGE  REGULATORS,  POSITIVE 


10.1  Introduction  and  Background: 

The  specification,  MIL-M-38510/107,  for  three-terminal,  positive- 
voltage  regulators  was  initially  signed  off  on  1 June  1973.  The  original 
specification,  however,  only  listed  requirements  for  the  five- volt  regulator, 
LM109.  Revision  A of  /107  added  positive  voltage  regulators  from  two 
newly  developed  regulator  families.  These  were  the  78xx/78Mxx  families 
and  the  LM140K-xx/LM141H-xx  families. 

The  following  table  shows  the  voltage  regulators  included  in  this 
specification  from  these  families: 

Table  10-1.  Device  types  specified 


Device 

Output 

Output 

Commercial 

Type 

Voltage,  V 

Current,  A 

Type 

02 

5 

0.5 

78M05,LMl41H-05 

03 

12 

0.5 

78M12,LM141H-12 

04 

15 

0.5 

78M15,LM141H-15 

05 

24 

0.5 

78M24,LM141H-24 

06 

5 

1.0 

7805  , LM140K-05 

07 

12 

1.0 

7812  ,LM140K-12 

08 

15 

1.0 

7815  ,LM140K-15 

09 

24 

1.0 

7824  , LM140K-24 

The  new  devices  employ  current  limiting,  short  circuit  protection 
and  thermal  shutdown  to  protect  both  the  regulator  and  the  equipment 
serviced  by  it.  In  addition,  the  unusual  startup  voltage  required  by  the 
LM109  is  not  required  by  either  of  the  two  newly  developed  families. 

GEOS  activities  began  by  distributing  preliminary  copies  of  MIL-M- 
38510/107A  to  interested  users  and  to  manufacturers  of  the  new  voltage 
regulators  for  their  comments.  The  response  from  several  manufacturers 
was  excellent  and  extensive.  Because  of  the  degree  to  which  the  specifica- 
tion was  reviewed,  it  was  not  surprising  that  conflicting  opinions  existed  in 
the  type  of  tests  performed,  in  the  test  circuits  and  in  the  parameter  toler- 
ances. These  conflicting  opinions  resulted  in  several  iterations  to  the  slash 
sheet  until  finally  the  document  was  thoroughly  reviewed  by  the  JC-41 
Committee  on  Voltage  Regulators.  The  comments  by  the  JC-41  Committee 


X-1 


were  reviewed,  suggested  tests  and  test  circuits  were  examined  and  a final 
slash  sheet  was  developed  that  was  both  consistent  with  the  high  reliability 
philosophy  of  MIL-M-38510  and  acceptable  to  all  reviewing  agencies. 

10.2  Device  Description  and  Operation 

The  7800  and  LM140  three-terminal,  positive- volt  age  regulator 
families  each  have  distinctive  design.  However,  the  commonality  of  perfor- 
mance between  these  two  families  allows  a single  procurement  specification 
to  be  used  for  both. 

The  positive-voltage  regulator  families  specified  in  /107A  generally 
contain  the  same  functional  elements.  A general  block  diagram  of  the  regu- 
lator is  shown  in  figure  10-1.  The  voltage  regulator  consists  of:  (a) , a start- 
up circuit  to  insure  that  the  device  is  rapidly  brought  into  regulation,  (b),  a 
temperature-compensated  voltage  reference  with  a current  source  to  elimi- 
nate the  effect  of  the  unregulated  input  voltage,  (c),  an  error  amplifier,  (d), 
a thermal  shutdown  circuit,  (e),  a series  pass  regulating  transistor,  and, 

(f),  resistor  trims  to  set  the  regulated  output  voltage  and  the  peak  output 
current. 
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Figure  10-1.  Block  diagram  of  the  voltage  regulator 
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A detailed  schematic  of  the  78xx  and  78Mxx  voltage  regulators  is 
shown  in  figure  10-2  and  the  schematic  for  the  LM140K-xx  and  LM141H-xx 
voltage  regulators  is  shown  in  figure  10-3.  A startup  circuit  for  the  78xx 
and  78MXX  family  consists  of  Q12,  Q13  and  Dl.  Upon  application  of  the 
input  voltage,  current  Hows  through  the  Q12  circuit,  and  through  the  circuit 
consisting  of  Q8,  Q9  and  Q13.  The  startup  circuit  provides  the  internal 
voltage  reference  circuit  with  adequate  supply  current  to  r^idly  bring  it 
into  regulation. 


Notes;  1.  R20  = 0 to  25K  ohms,  depending  on  nominal  output 

voltage. 


2.  Resistor  values  in  parentheses  are  for  78Mxx  series. 


Figure  10-2.  Schematic  circuit  of  7800  regulator  family 
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Figure  10-3.  Schematic  circuit  of  LM140  regulator  family 

Voltage  reference  circuits  for  monolithic  devices  are  generally  of 
two  types.  The  first,  the  "band  gap"  or  AVg^  reference,  is  shown  in 
figure  10-4.  In  this  circuit,two  monolithic  transistors  operating  at  different 
collector  current  densities  develop  a voltage,  AVbe>  at  the  emitter  of  Q2. 
This  voltage  has  the  relationship;  A Vgg  = JCT  In  ( Ij  ) and  the  temper a- 

q (I2  ) 

ture  coefficient  (TC)  of  this  voltage  is  positive.  When  the  voltage  is  ampli- 
fied and  added  to  the  base-emitter  voltage  of  Q3,  which  has  a negative  TC, 
the  resultant  output  is: 

'^REF  = ''^BE3 

R1 

By  proper  adjustment  of  the  gain  (R2/R1),  the  negative  TC  of  VgES 
can  be  made  to  cancel  the  positive  TC  of  A VgE*  The  result  is  a voltage 
reference  that  has  nearly  zero  temperature  drift. 
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Figure  10-4.  Band  gap  reference 


The  second  type  of  voltage  reference  is  the  "buried  zener"  shown  in 
figure  10-5,  The  major  drawback  of  a standard  zener  reference,  poor  long- 
term stability , is  eliminated  when  the  site  for  zener  breakdown  is  placed 
below  the  die  surface.  This  shields  the  breakdown  junction  from  the  effects 
of  mobile  ion  surface  contamination.  Presently,  construction  of  this  device 
is  possible  only  with  a new  technology  known  as  ion  implantation. 
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The  advantages  of  the  band  gap  reference  over  the  zener  reference 
are:  (1),  low  noise,  since  the  band  gap  reference  operates  as  a normal 
linear  circuit  and  since  avalanche  breakdown  devices  such  as  zeners  are 
inherently  noisy,  and,  (2),  better  long-term  stability,  since  P-N  junction 
voltages  are  very  stable  and  are  relatively  insensitive  to  surface  effects. 

The  disadvantages  are:  (1),  it  is  more  difficult  to  control  the  initial 
voltage  tolerance  (however,  this  should  be  no  problem  with  these  regulators 
since  the  output  voltage  is  adjusted),  (2),  temperature  drift  is  usually  higher 
than  that  of  a good  zero  TC  zener,  and,  (3),  thermal  gradient  effects  are 
more  severe  for  three  transistors  than  for  a single  zener  diode.  In  both  the 
78xx  family  and  the  LM140-xx  family,  the  band  gap  reference  is  used  to 
provide  a stable  output  voltage. 

The  output  voltage  of  the  regulator  is  controlled  by  the  ratio  of  two 
resistors  R20  and  R19.  Resistor  R20  is  adjusted  from  0 to  25K  ohms 
depending  on  the  desired  nominal  output  voltage.  The  output  voltage  is 
determined  by  the  relationship: 

VquT  = ( Vref)  • (R19  + R20) 

( Rl9  ) 

The  device  has  three  mechanisms  - thermal  shutdown,  current  limit- 
ing and  short  circuit  protection  - that  are  used  to  provide  both  long-term 
and  short-term  protection.  The  temperature  sensing  element  is  a transistor, 
Q14,  which  is  biased  with  approximately  +0.4  volt  across  the  base-emitter 
junction.  As  the  die  temperature  increases,  the  Vre  required  to  turn  on 
the  transistor  decreases.  At  a temperature  above  150°C,  but  below  205“C, 
the  transistor  fully  turns  on.  This  removes  the  base  current  from  Q16  which 
in  turn  turns  off  the  pass  transistor  Q17. 

The  current  limiting  circuit  consists  of  a series  output  resistor,  Rll, 
and  transistor,  Q15.  As  the  current  through  Rll  increases,  the  base-emit- 
ter voltage  of  Q15  also  increases.  When  the  output  current  increases  to  the 
range  of  two  to  four  amperes,  the  voltage  drop,  Vru,  is  sufficient  to  turn  on 
transistor  Q15,  This  will  shunt  some  of  the  pass  transistor  base  current  and 
cause  the  output  current  to  be  limited. 

When  the  output  is  shorted  to  ground,  the  voltage  across  the  input  to 
output  terminals  may  be  sufficient  to  turn  on  zener  diode  D2.  This  will  pro- 
vide adequate  base  current  to  transistor  Q15  to  turn  it  on;  thus  turning  off  the 
pass  transistor,  Q17. 

The  LM140K-XX/2M141H-XX  family  provides  the  same  protection. 
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The  major  elements  in  this  design  are: 


thermal  shutdown  - Q13 

current  limit  - R16,  Q14 

short  circuit  protection  - R13,  D2,  Q14 

The  three  protection  circuits  are  interactive  and,  as  the  device  oper- 
ation changes  from  one  mode  of  protection  to  another,  oscillations  in  the  out- 
put current  are  very  apt  to  occur.  Figure  10-6  shows  Peak  Output  Current 
versus  Temperature.  The  input  voltage  to  the  device  was  10  volts,  dc.  The 
load  current  is  pulsed  to  force  the  device  into  current  limit.  As  shown  in 
figure  10-6a,  the  peak  output  current  is  approximately  2.5  amperes.  Under 
Uie  heavy  load  current  conditions  established  in  this  test,  the  base-emitter 
junction  oT  Q15  is  conducting.  As  the  device  case  temperature,  (Tc), 
increases,  the  output  voltage  for  this  device  decreases.  (This  temperature 
characteristic  was  described  in  detail  in  an  earlier  report,  dated  23  August 
1975.)  In  addition,  the  transistor  betas  increase,  and  thermal  run  away  can 
occur  in  transistor  Q15.  When  this  occurs,  transistor  Q15  saturates,  the 
pass  transistor,  Q17,  turns  off  and  the  base  current  to  Q15  is  shut  ofK  The 
result  is  that  local  heating  due  to  conduction  through  the  pass  transistor  cir- 
cuit is  stopped.  As  the  device  cools,  transistor  Q15  comes  out  of  saturation 
and  re-establishes  the  peak  output  current  level.  Local  heating  begins,  and 
the  cycle  repeats.  Figure  10-6b  shows  the  current  oscillations  that  ^an  occur 
in  the  current  limit  mode  of  operation. 

As  the  device  case  temperature  is  further  increased,  the  thermal 
shutdown  transistor,  Q14,  starts  to  turn  on.  This  causes  the  pass  transistor, 
Q17,  to  turn  off,  decreasing  the  output  current  and  reducing  the  local  heating 
of  the  device.  With  the  local  heating  effect  reduced,  the  oscillations  stop. 
Figures  10-6c  and  10-6d  show  the  output  current,  without  oscillation,  at  two 
different  case  temperatures.  Figure lO^e  shows  the  oscillations  that  occur 
as  the  input  voltage  is  increased.  This  causes  additional  local  heating  in  the 
pass  transistor  circuit  so  that  oscillations  can  occur  at  a lower  case  temper- 
ature. Figure  10-6g  shows  the  peak  current  output  of  a different  manufact- 
urer's device.  The  oscillations  in  this  device  were  linear  and  had  a frequency 
of  several  megahertz.  Since  these  anomalies  all  occurred  during  the  current 
limit  mode  of  operation,  they  do  not  present  a problem  to  normal  operation. 
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a.  Tc  = 110°F  (43.3°C) 
Vin  = lOVDC 


SOm^ 


50mV 


0 


b.  Tc  = 150°F  (65.5°C) 
Vin  = lOVDC 


Figure  10-6.  Peak  current  output  versus  temperature 
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Figure  10-6  (cont'd).  Peak  current  output  versus  temperature 
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10.3  Electric  Parameters  and  Limits 


Basically,  the  test  parameters  specified  in  the  last  recommended 
revision  A are  the  same  as  those  listed  in  first  recommended  revision  A as 
received  by  the  General  Electric  Company.  However,  the  number  of  tests 
specified  for  several  of  the  100  percent  parameters  was  increased  at  the 
suggestion  of  the  JC-41  Committee.  In  addition,  the  startup  voltage  test  was 
considered  unnecessary  from  the  manufacturer's  view  point  and  undesirable 
from  the  user's  view  point.  Also,  the  thermal  shutdown  test  was  considered 
uneconomical  as  it  was  originally  proposed.  For  these  reasons,  the  startup 
test  was  deleted  and  the  thermal  shutdown  requirements  were  modified. 

Further,  modifications  were  made  to  the  format  to  change  the  docu- 
ment from  four  device  types,  each  having  two  different  case  sizes  and  output 
current  requirements,  to  eight  distinct  device  types.  This  leads  to  greater 
flexibility  and  makes  it  easier  to  add  new  devices  to  the  specification. 

Tables  10-2  through  10-9  list  the  parameters  for  device  types  02  through  09, 
respectively.  The  tables  show  a comparison  between  the  parameter  require- 
ments as  received  and  the  final  parameter  requirements  recommended  by 
Ordnance  Systems  Department  of  the  General  Electric  Company  (GEOS).  The 
final  recommendations  shown  in  these  tables  represent  the  parameters  and 
limits  agreed  to  by  all  members  of  the  JC-41  Committee  on  Voltage  Regula- 
tors. 


10.4  Burn-in  Circuit 
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The  voltage  regulators  specified  in  slash  sheet  107  represent  a 
recent  innovation  in  power  monolithic  devices.  These  devices  contain 
several  overstress  protection  circuits,  one  of  which  is  a thermal  shutdown 
circuit.  The  thermal  shutdown  circuit  is  designed  to  turnoff  the  output  pass 
transistor  whenever  the  device  temperature  exceeds  the  temperature  thres- 
hold range  (150°C  to  205°C).  Because  of  the  thermal  shutdown  action,  both 
the  accelerated  burn-in  and  the  accelerated  operating  life  tests  at  elevated 
temperatures  were  deleted. 

A pre-burn-in  test  was  added  in  which  the  device  operates  in  an  out- 
put short  circuit  mode  for  four  hours  without  a heat  sink.  The  temperature 
rise  under  these  conditions  is  sufficient  to  cause  the  device  to  heat  up  to  the 
normal  thermal  shutdown  temperature.  Under  these  conditions,  devices  that 
do  not  shut  down  will  be  destroyed.  Following  the  pre-burn-in  test,  a stan- 
dard burn-in  test  is  run  at  a temperature  of  125°C.  Minor  changes  were 
made  to  the  burn-in  circuit  to  reduce  the  number  of  components  required  to 
test  the  eight  device  types.  The  original  burn-in  test  circuit  required  eight 
different  load  resistors  for  the  eight  device  types.  The  final  recommended 
test  circuit  requires  four  different  load  resistors  for  the  eight  device  types. 


The  pre-burn-in  and  the  standard  burn-in  test  circuits  are  shown  in 
figures  10-7  and  10-8,  respectively. 


Figure  10-8.  Burn-in  and  operating  life  test  circuit 
10.5  Test  Circuits 

Generally,  all  of  the  test  circuits  were  modified  because  either  the 
circuit  was  unsatisfactory  or  the  test  limits  were  modified  requiring  modifi- 
cation to  the  test  circuit.  The  original  test  circuit  for  measuring  the  general 
static  parameters  is  shown  in  figure  10-9.  This  circuit  was  felt  to  be  unsatis- 
factory because  the  load  circuit  transistor  has  a low  beta  which  would  cause 
measurement  errors.  As  a replacement  for  this,  the  final  version,  shown  in 
figure  10-10  specifies  a Darlington  transistor  device  with  much  higher  beta 
values.  In  addition,  better  load  current  control  is  achieved  by  combining  the 
Darlington  transistor  in  a feedback  amplifier  circuit  and  measurement  correl- 
ation is  improved  by  defining  the  current  return  paths  in  each  test  circuit. 

The  Ripple  Rejection  Test  Circuit  is  shown  in  figures  10-11  and  10-12. 
The  original  version,  shown  in  figure  10-11,  used  a large  transformer  capa- 
ble of  carrying  large  direct  currents.  This  was  objectionable  because  of  the 
large  physical  size  of  the  transformer,  the  electrical  inertia  of  the  transfor- 
mer and  the  high  source  impedance  caused  by  the  transformer  d-c  resistance. 
In  the  test  circuit  shown  in  hgure  10-12,  the  ripple  voltage  is  combined  with 
the  d-c  voltage  in  a summing  amplifier.  The  response  of  this  circuit  is  much 
faster  than  that  of  the  transformer  and  is  more  readily  adapted  to  automatic 
test  equipment.  The  physical  size  is  much  smaller  and  the  source  impedance 
is  essentially  zero. 

The  Noise  Test  Circuit,  shown  in  figure  10-13,  is  the  same  circuit  as 
proposed  in  the  original  specification. 


The  Line  Transient  Response  Test  Circuit,  shown  in  figure  10-14,  is 
essentially  the  same  as  the  original  version,  except  that  the  transient  voltage 
circuit  has  been  added  for  clarification  and  the  load  resistor  values  have  been 
changed  to  increase  the  static  load  current. 


Figure  10-14.  Line  transient  response  test  circuit 

The  Load  Transient  Response  Test  Circuit  is  shown  in  figures  10-15 
and  10-16.  In  the  original  version,  this  test  is  accomplished  by  injecting  a 
current  pulse  into  the  junction  of  the  two  load  resistors,  R2  and  R3,  and 
measuring  the  transients  at  the  output  of  the  device  under  test.  However, 
the  current  levels  used  in  this  test  were  not  typical  of  the  current  levels 
anticipated  in  typical  applications.  When  the  current  levels  were  increased 
to  typify  actual  applications,  the  injected  current  pulses  exceeded  the  c^a- 
bility  of  available  test  equipment.  Therefore,  it  was  necessary  to  change 
the  test  method  for  generating  the  current  pulse.  The  final  version  of  the 
test  circuit  is  shown  in  figure  10-16. 
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Figure  10-15.  Original  version  of  load  transient  response  test  circuit 


Figure  10-16.  Final  version  of  load  transient  response  test  circuit 

The  Peak  Output  Current  Test  Circuit  is  shown  in  figures  10-17  and 
10-18.  Figure  10-17  shows  the  original  version  of  the  peak  output  current  test 
circuit.  This  circuit  was  unsatisfactory  because;  (a),  a minimum  beta 
transistor  can  cause  a five  percent  error  in  the  measurement,  (b),  in  the 
emitter  follower  test  circuit  for  the  pulse  generator,  even  with  no  collector 
current,  the  emitter  is  a diode  drop  lower  than  the  base  voltage,  and,  (c), 
the  output  voltage  is  lowered  by  the  circuit  to  some  uncontrolled  level  so  that 
the  excess  (Vin  - Vout)  voltage  can  cause  local  heating  of  the  device  under 
test  and,  thus,  oscillations  of  the  output  current. 

The  final  version  of  the  test  circuit  provides  control  of  the  output  volt- 
age. When  the  pulse  is  applied  to  the  base  of  transistor  Q3,  the  transistor 
saturates.  This  provides  base  current  for  transistors  Q1  and  Q2.  The 
supply  voltage  Vx  serves  to  clamp  the  base  of  transistor  Q2  to  the  voltage 
level  Vx-  Therefore,  while  the  pulse  is  applied  to  Q3,  the  device  output  is 
clamped  to  Vx  plus  two  base-emitter  drops.  By  controlling  the  output  volt- 
age point,  excess  local  heating  and,  hence,  current  oscillations  are  prevented. 
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Below  is  shown  the  effect  of  the  controlled  voltage  point  on  the  peak  output 
current  for  a five- volt  regulator. 


CXitput  current  versus  forced  A output  voltage 
Forced  A Output  Voltage,  V Peak  Current,  A 


.25 

1.15 

.5 

1.15 

1.0 

1.15 

1.5 

1.15 

2.0 

1.20  * 

* Current  oscillations  began  when  the  output  voltage  was  forced  to 
2.0  volts  below  the  nominal  output  voltage. 

As  shown  above,  a slight  increase  in  the  peak  output  current 
level  occurs  as  the  device  begins  to  current  oscillate.  Since  it  is  not  feasi- 
ble to  perform  automatic  testing  with  the  device  oscillating,  it  is  recommend- 
ed that  the  forced  output  voltage  test  be  used  even  though  the  peak  output, 
during  the  oscillating  condition,  may  be  slightly  (about  five  percent)  higher. 


I 


Figure  10-17. 


Original  version  of  peak  output  current  test  circuit 
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Figure  10-18.  Final  version  of  peak  output  current  test  circuit 
10.6  Discussions  of  Anomalies 

The  most  apparent  irregularity  of  these  voltage  regulators  is  the 
current  oscillation  problem  discussed  in  10.5.  Further  investigations  have 
di.'vC'losed  a problem  if  the  regulator  is  forced  to  sink  current.  This  can 
jccur  when  the  input  voltage  is  reduced  to  zero  while  voltage  remains  at  the 
output  either  as  a result  of  a charged  capacitor  or  from  some  other  voltage 
source.  In  the  7800  series,  shown  in  figure  10-2  the  collector-base  junction 
of  QIO  will  be  forward-biased,  placing  the  full  output  voltage  across  the 
emitter-base  junctions  of  Q8  and  Q9.  Since  this  voltage  can  range  from  five 
volts  to  24  volts,  it  may  be  high  enough  to  break  down  the  emitter-base  junc- 
tions. When  this  occurs,  current  will  flow  through  R8  and  R9.  For  the  24- 
volt  devices,  this  will  result  in  5.  76  watts  of  power  dissipation  in  each  of  the 
two  resistors.  The  result  may  be  destruction  of  the  voltage  regulator.  A 
similar  condition  occurs  with  the  LM140  series,  shown  in  figure  10-3.  In 
this  case,  the  collector-base  junction  of  Q1  becomes  forward-biased  and,  if 
the  emitter  base  junction  of  Qll  breaks  down,  the  current  is  limited  only  by 
the  bulk  resistance  of  the  current  path.  For  this  reason,  a diode,  CRl,  was 
added  to  the  Peak  Output  Current  Test  Circuit,  shown  in  figure  10-18.  The 
diode  is  a regulating  type  with  low  inverse  current  and  high  reverse  break- 
down voltage  requirements. 
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10.7  Recommendations 


Anomalies  exist  in  each  device  and  generally  limit  device  performance 
and  operation.  Some  are  readily  apparent  and  can  be  compensated  for  by 
good  circuit  design.  Other  anomalies  are  more  subtle  and  may  not  immedi- 
ately be  recognized  by  the  design  engineer.  For  these  reasons,  a section 
should  be  added  to  the  slash  sheet  to  list  anomalies . Such  a section  will  be 
of  particular  benefit  to  the  device  user.  However,  the  manufacturer  will 
benefit  by  being  informed  of  certain  design  deficiencies  in  his  product. 
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Table  10-2.  Electrical  parameter  comparison,  device  type  02  (case  x) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Original  Recommendations 

Conditions 

Limits 

Characteristics 

V,  Input 

mAjLoad 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

7 

-5 

Ta  = -55°C 

4.75 

5.25 

Voltage 

10 

-500 

Ta  = 25°C 

4.80 

5.20 

Volts 

35 

-50 

Ta  = 125°C 

4.75 

5.25 

Line 

Ta  = -55°c 

-25 

+ 25 

Regulation 

7 to  25 

-5 

Ta  = 25°C 

-20 

+ 20 

mV 

Ta  = 125°C 

-25 

+ 25 

Load 

Ta  = -55°c 

-75 

+ 75 

Regulation 

10 

-500  to  -5 

Ta  = 25°C 

-50 

+ 50 

mV 

Ta  = 125°C 

-75 

+ 75 

Standby 

7 

-5 

-10 

0 

Current  Drain 

25 

-5 

mA 

7 

-500 

Standby  Current 
Drain  Change 

Vs.  Line  Voltage 

7 to  25 

-5 

-0.8 

0 

mA 

Standby  Current 
Drain  Change 

Vs.  Load  Current 

7 

-500  to  -5 

-0.5 

0 

mA 

Output  Short 

Circuit  Current 

10 

-0.7 

-0.1 

A 

Peak  Output 

Ta  = 25°C 

Current 

10 

sample  only 

-1.0 

-0.7 

A 

X-22 


Table  10-2.  Electrical  parameter  comparison,  device  type  02  (case  x) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Units 

Conditions 

Limits 

V , Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Output 

8 

Voltage 

4.75 

5.25 

Volts 

10 

-5 

= 150°C 

4.70 

■i 

Line 

8 to  35 

■■ 

+ 150 

Regulation 

1 

8 to  25 

m 

■ 

+ 50 

mV 

Load 

10 

-500  to  -5 

-100 

+ 100 

Regulation 

35 

-50  to  -5 

-150 

+ 150 

mV 

Standby 

10 

-5 

m 

m 

Current  Drain 

35 

-5 



■ 

■ 

mA 

Standby  Current 
Drain  Change 

Vs.  Line  Voltage 

8 to  35 

-5 

Standby  Current 
Drain  Change 

Vs.  Load  Current 

10 

-500  to  -5 

Output  Short 

10 

Circuit  Current 

25 

35 

8 forced 

Peak  Output 

A Vout 

Current 

= 0.48 

X-23 


Table  10-2  (cont'd).  Electrical  parameter  comparison,  device  type  02  (case  x) 
(-55°C  ^ T A — 125°C,  unless  otherwise  stated) 


Original  Recommendations 

Conditions  Limits 

Characteristics  V,Input  lmA,Lo^  other  Min  Max  Units 
Voltage  Current 


Ripple 

Rejection 


Output  Noise 
Voltage 


Line  Transient 
Response 


Load  Transient 
Response 


Average  Tempera- 
ture Coefficient  of 
Output  Voltage 


Startup  Input 
Voltage 


Thermal  Shutdown 
Point 


-50  AVin=l  Vrms 

BW=10Hz  60 
to  lOOK  Hz 


BW=10  Hz 
to  lOOK  Hz 


AVin=3  V 


-40  AIl=-10  mA 


4 m V/V 


1.0  mV/mA 


-55°C  Ta  -1.25 
25°C 

25°C  Ta  -1.25 
125°C 


m V/°C 


Volts 


sample  only  165  185  °C 


Table  10-2 (cont'd).  Electrical  parameter  comparison,  device  type  02  (case  x) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 

1 

Characteristics 

Final  Recommendations 

Units 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Ripple 

Rejection 

10 

*1 

-125 

Meter  BW 

10  Hz  to 
lOK  Hz 

60 

i 

dB 

Output  Noise 
Voltage 

10 

-50 

1 

Ta  ='25°C 
sample  only 

— 

125 

/t  Vrms 

Line  Transient 
Response 

10 

**3 

-5 

Ta  = 25°C 
sample  only 

— 

30 

m V/V 

Load  Transient 
Response 

10 

-50 

■^■^200 

Ta  = 25°C 
sample  only 

1 

2.5 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

10 

-5 

sample  only 

-2.00 

1 

mV/°C 

Startup  Input 
Voltage 

1 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/O  Burn-in 

°C 

* Vripple  @ 120  Hz  (rms) 
**  Vpulse 
+ + AIl 
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Table  10-3.  Electrical  parameter  comparison,  device  type  03  (case  x) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Original  Recommendations 

Conditions  Limits 

Characteristics  V,  Input  mA,Load  Other  Max  Units 

Voltage  Current 


Output 

Voltage 


Line 

Regulation 


Load 

Regulation 


Standby  Current 
Drain  Change  Vs. 
Line  Voltage 


Standby  Current 
Drain  Change  Vs, 
Load  Current 


Output  Short 
Circuit  Current 


Peak  Output 
Current 


14.5 

17 

35 


14.5  to 
35 


Ta  = -55°C 
Ta  = 25°C 
Ta  = 125°C 


Ta  = -55°C 
Ta  = 25°C 
Ta  = 125°C 


Ta  = -55°c 
17  - 500  to  -5  Ta  = 25°C 

Ta  = 125°C 


Standby  Current  14 . 5 

Drain  30 

14.5 


14. 5 to  -5 
30 


Ta  = 25°C 
sample  only 


2.60 

2 . 50  Volts 
12.60 
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Table  10-3.  Electrical  parameter  compai'ison,  device  type  03  (case  x) 
(-55’C  — Ta  — 125°C  unless  otherwise  stated) 


Final  Recommendations 

Conditions  Limits 

Characteristics  V, Input  mA,Load  other  Min  Max  Units 
Voltage  Current 


Output 

Voltage 


11.40  12. 6d  Volts 


Ta  = 150°C  11.28112.72] 


Line 

Regulation 


Load 

Regulation 


15  to  35  -50 
15  to  32  -350 


17  -500  to  -5 

35  -50  to  -5 


Standby  Current  17 

Drain  35 


Standby  Current 

Drain  Change  Vs.  15  to  35  -5 

Line  Voltage 


Standby  Current 
Drain  Change  Vs. 
Load  Current 


Output  Short 
Circuit  Current 


Peak  Output 
Current 
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Table  10“3  (cont'd).  Electrical  parameter  comparison,  device  type  03  (case  x) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 

Characteristics 

Original  Recommendations 

1 Conditions 

Limits 

Units 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Ripple 

Rejection 

1 

17.5 

-50 

AVin=lVrms 
BW=10  Hz 
to  lOOK  Hz 

60 

-- 

dB 

Output  Noise 
Voltage 

17.5 

-50 

1 

BW=10  Hz 
to  lOOK  Hz 

-- 

180 

M Vrms 

Line  Transient 
Response 

17.5 

-1 

1 

AVin=3V 

1 

i 

mV/V 

Load  Transient 
Response 

17.5 

-40 

1 

1 A II  - -10mA 

! 

1 

1 

1.0 

1 

1 

'mV/mA 

1 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

14.5 

-5 



-55°C  ^ Ta 
^25  C 

25°C  Ta 
^ 125°C 

-3.0 

-3.0 

+ 3.0 

+ 3.0 

\ — 

1 

mV/^C 

Startup  Input 
Voltage 

-- 

16.5 

Volts 

Thermal  Shutdown 
Point 

sample  only 

165 

185 

°C 
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Table  10-3(cont'd).  Electrical  parameter  comparison,  device  type  03  (case  x) 


(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Units 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,Load 

Current 

other 

Min 

Max 

Ripple 

Rej  ection 

17 

*1 

-125 

Meter  BW 

10  Hz  to 
lOK  Hz 

55 

— 

dB 

Output  Noise 
Voltage 

17 

-50 

T^  = 25‘’C 
sample  only 

— 

250 

Vrms 

Line  Transient 
Response 

17 

**3 

-5 

Ta  = 25°C 
sample  only 

30.0 

mV/V 

Load  Transient 
Response 

17 

-50 

+ +-200 

Ta  = 25°C 
sample  only 

2.5 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

17 

-5 

-3,0 

+ 3.0 

mV/°C 

Startup  Input 
Voltage 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/0  Burn-in 

°C 

* Vripple  @ 120  Hz  (rms) 
**  Vpulse 

**  AIl 
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Table  10-4.  Electrical  parameter  comparison,  device  type  04  (case  x) 
(-55°C  ^ Ta  — 125 °C  unless  otherwise  stated) 

Original  Recommendations  I 


Conditions 

, Limits 

Characteristics 

V,  Input 

mA,Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

17.5 

■■ 

Ta  = -55°C 

14.25 

15.75 

Voltage 

20 

Ta  = 25°C 

14.40 

15.60 

Volts 

35 

-50 

Ta  = 125°C 

14.25 

15.75 

Line 

17. 5 to 

-5 

Ta  = -55°C 

-75 

+ 75 

mV 

Regulation 

35 

Ta  = 25°C 

-60 

+ 60 

Ta  = 125°C 

-75 

+ 75 

Load 

20 

-500  to  -5 

1 

Ta  = -55"C 

-225 

+ 225 

mV 

Regulation 

TA  = 25°C 

-150 

+ 150 

Ta  = 125°C 

-225 

+ 225 

Standby  Current 

-5 

-10 

0 

mA 

Drain 

-5 

IB 

-500 

Standby  Current 

17.5  to 

-5 

-0.8 

0 

mA 

Drain  Change  Vs. 
Line  Voltage 

30 

Standby  Current 
Drain  Change  Vs. 
Load  Current 

17.5 

-500  to  -5 

-0.5 

0 

mA 

Output  Short 

Circuit  Current 

20 

-0.5 

-0.1 

A 

Peak  Output 

20 

Ta  = 25°C 

-1.0 

-0.7 

A 

Current 

sample  only 

Table  10-4.  Electrical  parameter  comparison,  device  type  04  (case  x) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


inal  Recommendations 


Conditions  I Limits 


Characteristics 

V,  Input 
Voltage 

Output 

18.5 

Voltage 

30 

35 

20 

Line 

18.5  to 

Regulation 

35 

Load 

Regulation 

20 

35 

Standby  Current 

20 

Drain 

35 

Standby  Current 

1 

18.  5 to 

Drain  Change  Vs. 
Line  Voltage 

35 

Standby  Current 
Drain  Change  Vs. 
Load  Current 

20 

Output  Short 

20 

Circuit  Current 

35 

18.5 

Peak  Output 

forced 

Current 

AVout 
= 1.43 

14.25  15.75  Volts 
Ta  = 150°C  114.10  15.90 


-500  to  -5 
-50  to  -5 


-150  +150  mV 


-300  +300  mV 

-450  +450 


-7.0  -0.5  mA 

-8.0  -0.5 


100%  Test  -2.00  -0.50 
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Table  10-4 (cont'd).  Electrical  parameter  comparison,  device  type  04  (case  x) 
(-55°C  ^ Ta  ^ 125°C,  unless  otherwise  stated) 

Characteristics 

! 

Original  Recommendations 

1 Conditions 

I Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

1 

Ripple 

Rejection 

20.5 

-50 

^Vin  = 1 Vrms 
BW=  10  Hz 
to  lOOK  Hz 

60 

— 

dB 

Ouput  Noise 

Voltage 

20.5 

-50 

BW=  10  Hz 
to  lOOK  Hz 

— 

180 

^ ^rms 

Line  Transient 
Response 

20.5 

-1 

■ 

4.0 

mV/V 

1 

Load  Transient 
Response 

20.5 

-40 

1 

AIl  = -10  mA 

1 

! - n 
j . 0 

mV/m  A 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

17.5 

1 

-5 

-55°C^  Ta 
25°C 

25°C  ^ Ta 
^ 125°C 

-3.75 

-3.75 

+ 3.75 

+ 3.75 

mV/°C 

Startup  Input 
Voltage 

— 

19.5 

Volts 

Table  10-4(cont’d).  Electrical  parameter  comparison,  device  type  04  (case  x) 


(-55°C  125°C,  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

■ 

-125 

Meter  BW 

10  Hz  to 
lOK  Hz 

53 

— 

dB 

Output  Noise 
Voltage 

20 

-50 

Ta  = 25°C 
sample  only 

— 

300 

/M  Vrms 

Line  Transient 
Response 

20 

-5 

TA  = 25°C 
sample  only 

30.0 

mV/V 

Load  Transient 
Response 

20 

-50 

+ + -200 

T;^  = 25°C 
sample  only 

— 

2.5 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

20 

i 

-5 

-3.75 

1 

mV/°C 

Startup  Input 
Voltage 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/0  Burn-in 

°C 

* Vrippie  @ 120  Hz  (rms) 
**  Vpulse 


+ + AIl 


1 
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Table  10-5.  Electrical  parameter  comparison,  device  type  05  (case  x) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Characteristics 


Output 

Voltage 


Original  Recommendations 


Conditions 


V,  Input 
Voltage 


27 

40 

29 

40 


mA,  Load 
Current 


-5 

-5 

■500 

■75 


Other 


Ta  = -55°C 
Ta  = 25°C 
Ta  = 125°C 


Limits 


Min 


23.00 

23.30 

23.00 


Max 


25.00 

24.70 

25.00 


Units 


Volts 


Line 

Regulation 


27  to  40 


-5 


Ta  = -55°C 
Ta  = 25°C 
Ta  = 125°C 


-120 

■100 

■120 


+ 120 
+ 100 
+ 120 


mV 


Load 

Regulation 


29 


-500  to  -5 


Ta  = -55°C 
Ta  = 25'’C 
Ta  = 125°C 


■240 
■ 180 
■240 


+ 240 
+ 180 
+ 240 


Standby  Current 
Drain 


27 

40 

27 


-5 

-5 

-500 


-10 


Standby  Current 
Drain  Change  Vs. 
Line  Voltage 


27  to  40 


-5 


-\j . 8 


mV 


mA 


mA 


Standby  Current 
Drain  Change  Vs. 
Load  Current 

27 

-500  to  -5 

Output  Short 

29 

Circuit  Current 

Peak  Output 

29 

Current 

Table  10-5.  Electrical  parameter  comparison,  device  type  05  (case  x) 
(-55''C  ^ Ta  — 125 °C  unless  otherwise  stated) 


Final  Recommendations 

Conditions 

Limits 

Characteristics 

V,  Input 

mA,  Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

Voltage 

22.80 

25.20 

Volts 

40 

■■ 

-5 

= 150“C 

22.56 

Line 

28  to  40 

-50 

■ 

M 

mV  ' 

Regulation 

28  to  38 

-350 

■ 

■ 

Load 

■I 

-500  to  -5 

-480 

^480 

mV 

Regulation 

■ 

-50  to  -5 

-720 

+ 720 

Standby  Current 

30 

-5 

n 

n 

mA 

Drain 

40 

-5 

■ 

i 

i 

1 

Standby  Current 
Drain  Change  Vs, 
Line  Voltage 

28  to  40 

-5 

-1.0 

+ 1.0 

mA 

! 

Standby  Current 
Drain  Change  Vs. 
Load  Current 

30 

-500  to  -5 

-0.5 

+ 0.5 

mA 

i 

i 

1 

Output  Short 

30 

-0.01 

A i 

38 

BmiSi 

-0.01 

Circuit  Current 

40 

-1.00 

-0.01 

28 

j 

Peak  Output 

forced 

100*^  Test 

-2.00 

-0.50 

A 

Current 

AVout 
= 2.28 

1 

/ 

Table  10-5  (cont'd).  Electrical  parameter  comparison,  device  type  05  (case  x) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 


Original  Recommendations 

Conditions  Limits 

Characteristics  V,  Input  Ini  A,  Lo^  other  Min  Max  Units 

Voltage  Current 


Ripple 

Rejection 


Output  Noise 
Voltage 


Line  Transient 
Response 


Load  Transient 
Response 


Average  Tempera- 
ture Coefficient  of 
Output  Voltage 


Startup  Input 
Voltage 


Thermal  Shutdown 
Point 


-50  AVin=lVrins 

BW=10Hz  60 
to  lOOK  Hz 


■50  BW=10Hz 

to  lOOK  Hz 


-1  AVin  = 3V 


-40  AIt  = -10mA 


4.0  mV/V 


1.0  mV/mA 


-55°C  Ta  -6.0  +6.0  mV/°C 
^ 25°C 

25°C  ^ Ta  -6.0  +6.0 

^ 125°C 


29.0  Volts 


sample  onlji  165  185 


Table  lCV5(cont'd).  Electrical  parameter  comparison,  device  type  05  (case  x) 
(-55°C  — Ta  — 125°C,  unless  otherwise  stated) 


Final  Recommendations 


Limits 


Characteristics 


CXitput  Noise 
Voltage 


Line  Transient 
Response 


Load  Transient 
Response 


Average  Tempera- 
ture Coefficient  of 
Output  Voltage 


Startup  Input 
Voltage 


Thermal  Shutdown 
Point 


* Vripple  @ 120  Hz  (rms) 
**  '^pulse 


Conditions  | 

V,  Input 

mA,  Load 

Other 

Voltage 

Current 

30 

-125 

Meter  BW 

*1 

10  Hz  to 
lOK  Hz 

30 

-50 

Ta  = 25°C 
sample  only 

30 

-5 

Ta  = 25‘’C 

sample  only 

30 

-50 

T^  = 25°C 

+ +-200 

sample  only 

30 

-5 

sample  only 

Min  Max  Units 


500  UVrms 


30.0  mV/V 


2.5  mV/mA 


Volts 


P/0  Burn-in 


Table  10-^.  Electrical  parameter  comparison,  device  type  06  (case  y) 
(-55°C  ^ Ta  — 125 °C  unless  otherwise  stated) 


Characteristics 

1 Original  Recommendations 

Units 

1 Conditions 

1 Limits 

V, Input 
Voltage 

mAjLoad 

Current 

Other 

Min 

Max 

Output 

7 

-5 

Ta  = -55°C 

4.75 

5.25 

Voltage 

10 

-1,500 

Ta  = 25°C 

4.80 

5.20 

Volts 

20 

-750 

= 125°C 

4.75 

5.25 

35 

-200 

Line 

7 to  25 

-5 

Ta  = -55°C 

-25 

+ 25 

mV 

Regulation 

Ta  = 25°C 

-20 

+ 20 

Ta  = 125°C 

-25 

+ 25 

Load 

-5 

Ta  = -55°c 

-75 

+ 75 

mV 

Regulation 

Ta  = 25°C 

-50 

+ 50 

-5 

T^  = 125°C 

-75 

+ 75 

Standby  Current 

7 

-5 

-10 

0 

mA 

Drain 

25 

-5 

7 

-1,500 

Standby  Current 

7 to  25 

-5 

-0.8 

0 

mA 

Drain  Change  Vs. 

Line  Voltage 

Standby  Current 

-1,500  to 

Drain  Change  Vs. 

7 

-5 

-0.5 

0 

mA 

Load  Current 

Output  Short 

Circuit  Current 

10 

-2.0 

-0.3 

A 

Peak  Output 

10 

Ta  = 25°C 

-3.0 

-2.0 

A 

Current 

sample  only 

X-38 


1 


Table  10-6.  Electrical  parameter  comparison,  device  type  06  (case  y) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Final  Recommendations 


Conditions  Limits 


Output 

Voltage 


V,  Input 
Voltage 

mA,  Load 
Current 

8 

-5, -1,000 

20 

-5, -1,000 

35 

-5. -100 

10 

-5 

Other 


Line 

Regulation 


Load 

Regulation 


Standby  Current 
Drain 


8 to  35 
8 to  25 


Standby  Current  8 to  35  -5 

Drain  Change  Vs. 

Line  Voltage 


Standby  Current 
Drain  Change  Vs. 
Load  Current 


Output  Short 
Circuit  Current 


Peak  Output 
Current 


8 

forced 
A^out 
= 0.48 


Min  Max  units 


4.75  5.25  Volts 


X-39 


-4.0 


-1.0 


Table  10-6(cont'd).  Electrical  parameter  comparison,  device  type  06  (case  y) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated)  


Characteristics 

Original  Recommendations 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

10 

-200 

AVin=lVrms 
BW  = 10  Hz 
to  lOOK  Hz 

60 

— 

dB 

Output  Noise 
Voltage 

10 

-200 

BW  = 10  Hz 
to  lOOK  Hz 

— 

120 

Vrms 

Line  Transient 
Response 

10 

-1 

AVin  = 3V 

— 

4.0 

mV/V 

Load  Transient 
Response 

10 

-40 

AlL="10ni-A 

— 

1.0 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

7 

-5 

-55°C  Ta 
25°C 

25°C  Ta 
^ 125°C 

-1.25 

-1.25 

+ 1.25 

+ 1.25 

mV/°C 

Startup  Input 
Voltage 

9 

Volts 

Thermal  Shutdown 
Point 

sample  only 

165 

185 

°C 

Thermal  Shutdown 
Point 


Table  10-6(cont'd).  Electrical  parameter  comparison,  device  type  06  (case  y) 


(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Units 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Ripple 

Rejection 

10 

*1 

-350 

Meter  BW 

10  Hz  to 
lOK  Hz 

60 

1 

1 

dB 

Output  Noise 
Voltage 

10 

-100 

Ta  = 25°C 
sample  only 

— 

1 

125 

1 

^rms 

Line  Transient 
Response 

10 

**3 

-5 

T^  = 25°C 
sample  only 

— 

30 

mV/V 

Load  Transient 
Response 

10 

-100 
+ + -400 

Ta  = 25°C 
sample  only 

2.5 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

10 

-5 

sample  only 

-2,0 

+ 2.0 

1 

mV/°C 

Startup  Input 
Voltage 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/0  Burn-in 

°C 

* Vripple  @ 120  Hz  (rms) 


**  Vpulse 


Table  1(1-7.  Electrical  parameter  comparison,  device  type  07  (case  y) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


1 Original  Recommendations 

Conditions 

Limits 

Characteristics 

V,  Input 

m A,  Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

(Dutput 

14.5 

-5 

Ta  = -55°C 

11.40 

12.60 

Volts 

Voltage 

17 

-1,500 

= 25°C 

11.50 

12.50 

30 

-750 

= 125°C 

11.40 

12.60 

35 

-200 

Line 

14.5 

-5 

T*  = -55°C 

-60 

+ 60 

mV 

Regulation 

to  35 

Ta  = 25°C 

-50 

+ 50 

Ta  = 125°C 

-60 

+60 

Load 

17 

-1,500  to 

Ta  = -55°C 

-180 

+ 180 

mV 

Regulation 

-5 

Ta  = 25°C 

-120 

+ 120 

30 

-750  to  -5 

Ta  = 125°C 

-180 

+ 180 

Standby  Current 

14.5 

-5 

Drain 

30 

-5 

-10 

0 

mA 

14.5 

-1,500 

Standby  Current 
Drain  Change  Vs. 

14.5 

-5 

-0.8 

0 

mA 

Line  Voltage 

to  30 

Standby  Current 
Drain  Change  Vs. 

14.5 

-1,500  to 

-0.5 

0 

mA 

Load  Current 

-5 

Output  Short 

Circuit  Current 

17 

-1.0 

-0.15 

A 

Peak  Output 

17 

Ta  = 25°C 

-3.0 

-2.0 

A 

Current 

sample  only 

r 


1 


Table  10-7.  Electrical  parameter  comparison,  device  type  07  (case  y) 
(-55°C  — ^ 125°C  unless  otherwise  stated) 


Final  Recommendations 

Conditions 

Limits 

Characteristics 

V,  Input 

mA,  Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

15 

-5,-1,000 

Voltage 

27 

-5,-1,000 

11.40 

12.60 

35 

-5.-100 

Volts 

17 

-5 

Ta  = 150°C 

11.28 

12.72 

Line 

15  to  35 

-100 

-360 

+ 360 

mV 

Regulation 

15  to  32 

-500 

-120 

+ 120 

Load 

17 

-1,000  to 

-240 

+ 240 

mV 

Regulation 

35 

-5 

-360 

+ 360 

-100  to  -5 

Standby  Current 

17 

-5 

-7.0 

-.5 

mA 

Drain 

35 

-5 

-8.0 

-.5 

Standby  Current 
Drain  Change  Vs. 
Line  Voltage 

15  to  35 

-5 

-1.0 

+ 1.0 

— 

mA 

Standby  Current 
Drain  Change  Vs. 

10 

-1,000  to 

-0.5 

+ 0.5 

— 

mA 

Load  Current 

-5 

17 

-3.5 

-0.02 

A 

Output  Short 

32 

-2.5 

-0.02 

Circuit  Current 

35 

-2.00 

-0.02 

Peak  Output 

8 

Current 

forced 
A Vout 

100^  Test 

-4.0 

-1.0 

A 

= 1.13 

X-43 


Table  10-7(cont'd).  Electrical  parameter  comparison,  device  type  07  (case  y) 
(-55°C  ^ Ta  ^ 125°C,  unless  otherwise  stated) 

Characteristics 

Original  Recommendations 

1 

Units 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Ripple 

Rejection 

17.5 

-200 

1 

IVrms 
BW  = 10  Hz 
to  lOOK  Hz 

60 

— 

dB 

CXitput  Noise 
Voltage 

17.5 

-200 

BW  = 10  Hz 
to  lOOK  Hz 

— 

180 

Vrms 

Line  Transient 
Response 

17.5 

-1 

AVin  = 3V 

— 

4.0 

mV/V 

Load  Transient 
Response 

17.5 

-40 

AIl=  lOmA 

1 

— 

1.0 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
CXitput  Voltage 

14.5 

-5 

-55°C=^  Ta 
^ 25°C 

25°C  Ta 
125°C 

-3.0 

-3.0 

! 

+ 3.0 

+ 3.0 

1 mV/°C 

Startup  Input 
Voltage 

— 

16.5 

Volts 

Thermal  Shutdown 
Point 

sample  only 

165 

185 

°C 

X-44 


1 


Table  10-7(cont'd).  Electrical  parameter  comparison,  device  type  07  (case  y) 
(-55°C  Ta  ^ 125°C,  unless  otherwise  stated) 

Characteristics 

Final  Recommendations 

Conditions 

Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

17 

*1 

-350 

Meter  BW 
lOHz  to 
lOK  Hz 

55 

dB 

Output  Noise 
Voltage 

17 

-100 

Ta  = 25°C 
sample  only 

-- 

250 

/W  Vrms 

Line  Transient 
Response 

17 

**3 

-5 

Ta  = 25'’C 
sample  only 

— 

30.0 

mV/V 

Load  Transient 
Response 

17 

-100 
+ + -400 

Ta  = 25°C 
sample  only 

__ 

2.5 

mV/m  A 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

17 

-5 

-3.0 

+ 3.0 

mV/°C 

Startup  Input 
Voltage 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/O  Burn-in 

°C 

* Vripple  @ 120  Hz  (rms) 

**  Vpulse 

**Ail 

Table  10-8.  Electrical  parameter  comparison,  device  type  08  (casey) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


1 Original  Recommendations 

1 Conditions 

Limits 

Characteristics 

V, Input 

mA,  Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

17.5 

-5 

= -55°C 

14.25 

15.75 

Volts 

Voltage 

20 

-1,500 

Ta  = 25°C 

14,40 

15.60 

30 

-750 

Ta  = 125°C 

14.25 

15.75 

35 

-200 

Line 

17. 5 to 

-5 

— 

Ta  = -55°c 

— 

- 75 

- — 1 

+ 75 

mV 

Regulation 

35 

Ta  = 25°C 

-60 

+ 60 

Ta  = 125°C 

-75 

+ 75 

Load 

20 

- 1 , 500  to 

Ta  = -55°C 

-225 

+ 225 

mV 

Regulation 

30 

-5 

Ta  = 25°C 

-150 

+ 150 

-750  to  -5 

Ta  = 125°c 

-225 

+ 225 

Standby  Current 

17.5 

-5 

-10 

0 

mA 

Drain 

30 

-5 

17.5 

-1,500 

Standby  Current 
Drain  Change  Vs. 

17.5  to 

-5 

-0.8 

0 

mA 

Line  Voltage 

30 

Standby  Current 
Drain  Change  Vs. 

17.5 

-1,500  to 

-0.5 

0 

mA 

Load  Current 

-5 

Output  Short 

Circuit  Current 

20 

-1.0 

-0.15 

A 

Peak  Output 

Ta  = 25°C 

Current 

20 

sample  only 

-3.0 

-2.0 

A 

Table  10-8.  Electrical  parameter  comparison,  device  type  08  (case  y) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Units 

Conditions 

Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Output 

Voltage 

H 

14.25 

15.75 

Volts 

20 

-5 

Ta  = 150°C 

14.10 

15.90 

Line 

18.5  to 

-500 

Regulation 

35 

1 

Load 

20 

1 

-1,000  to 

Regulation 

35 

-100  to  -5 

Standby  Current 

20 

-5 

Drain 

35 

-5 

Standby  Current 

18.5  to 

-5 

Drain  Change  Vs. 
Line  Voltage 

35 

Standby  Current 
Drain  Change  Vs. 

20 

-1 , 000  to 

Load  Current 

-5 

Output  Short 

20 

Circuit  Current 

35 

Peak  Output 
Current 

18.5 

forced 

AVout 
= 1.43 

X-47 


Table  10-8(cont’d),  Electrical  parameter  comparison,  device  type  08  (case  y) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 

Characteristics 

Original  Recommendations 

Units 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

other 

Min 

Max 

Ripple 

Rejection 

20.5 

-200 

AVin  = IVrms 
BW=  10  Hz 
to  lOOK  Hz 

60 

-- 

dB 

Output  Noise 
Voltage 

20.5 

-200 

BW  = 10  Hz 
to  lOOK  Hz 

180 

Vrms 

Line  Transient 
Response 

20.5 

-1 

AVin  = 3V 

-- 

4.0 

mV/V 

Load  Transient 
Response 

20.5 

-40 

AIl  = -10mA 

— 

1.0 

— 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

17.5 

-5 

-55°C  ^ Ta 
^ 25°C 
25°C  ^ Ta 
^ 125°C 

-3.75 

-3.75 

+ 3.75 

+ 3.75 

mV/°C 

Startup  Input 
Voltage 

-- 

19.5 

Volts 

1 

Thermal  Shutdown 
Point 


sample  only 


165 


185 


C 


Table  10-8(cont'd).  Electrical  parameter  comparison,  device  type  08  (case  y) 


(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 


Characteristics 

Final  Recommendations 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

20 

*1 

-350 

Meter  BW 

10  Hz  to 
lOK  Hz 

53 

— 

dB 

Output  Noise 
Voltage 

20 

-100 

Ta  = 25°C 
sample  only 

-- 

1 

300 

Line  Transient 
Response 

20 

**3 

-5 

Ta  = 25°C 
sample  only 

1 

30 

mV/V 

Load  Transient 
Response 

20 

-100 
+ + -400 

Ta  = 25°C 
sample  only 

1 

2.5 

mV/m  A 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

20 

-5 

1 

-3.75 

43.75 

mV/°C 

Startup  Input 
Voltage 

Deleted 

Volts 

Thermal  Shutdown 
Point 

P/0  Burn-in 

°C 

* Vripple  @ 120  Hz  (rms) 
**  Vpulse 


+ t AIl 


Table  10-9.  Electrical  parameter  comparison,  device  type  09  (casey) 

(-55°C  ^ — 125°C  unless  otherwise  stated) 

1 Original  Recommendations 

1 Conditions 

Limits 

Characteristics 

V,  Input 

mA,  Load 

Other 

Min 

Max 

Units 

Voltage 

Current 

Output 

27 

Ta  = -55°C 

MM 

M 

Volts 

Voltage 

40 

Ta  = 25°C 

1 

29 

Ta  = 125°C 

ErKii 

25.00 

40 

Line 

27  to  40 

-5 

Ta  = -55°C 

-120 

+ 120 

mV 

Regulation 

= 25°C 

-100 

+ 100 

Ta  = 125°C 

-120 

+ 120 

Load 

29 

-1 , 500  to 

Ta  = -55°C 

-240 

■9 

mV 

Regulation 

-5 

Ta  = 25°C 

^1 

40 

-750  to  -5 

Ta  = 125°C 

-240 

+ 240 

Standby  Current 

27 

-5 

-10 

0 

1 

mA 

1 Drain 

40 

-5 

27 

-1,500 

Standby  Current 
Drain  Change  Vs. 
Line  Voltage 

27  to  40 

-5 

-0.8 

0 

1 

mA 

1 

Standby  Current 
Drain  Change  Vs. 

27 

-1 , 500  to 

-0.5 

0 

1 

mA 

Load  Current 

-5 

1 

Output  Short 

Circuit  Current 

29 

! 

-0.5 

-0.1 

i 

A 

Peak  Output 

i 

29 

Ta  = 25°C 

-3.0 

-2.0 

A 

Current 

1 

! 

sample  only 

X-50 


Table  10-9.  Electrical  parameter  comparison,  device  type  09  (case  y) 
(-55°C  ^ Ta  — 125°C  unless  otherwise  stated) 


Characteristics 

Final  Recommendations  | 

Units 

Conditions 

Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

28 

-5,-1,000 

22.80 

25.20 

Volts 

Output 

38 

-5,-1,000 

Voltage 

40 

-5.-100 

30 

-5 

Ta  = 150°C 

22.56 

^1^ 

Standby  Current 
Drain  Change  Vs. 
Line  Voltage 


Standby  Current 
Drain  Change  Vs. 
Load  Current 


Output  Short 
Circuit  Current 


Peak  Output 
Current 


+720  mV 
+ 240 


1 


X-5 


Table  10-9(cont'd).  Electrical  parameter  comparison,  device  type09  (casey) 
(-55°C  ^ Ta  ^ 125°C,  unless  otherwise  stated) 

Characteristics 

Original  Recommendations 

Conditions 

1 Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

30 

-200 

^^in  = IVrms 
BW=  10  Hz 
to  lOOK  Hz 

60 

-- 

dB 

Output  Noise 
Voltage 

30 

-200 

BW=10  Hz 
to  lOOK  Hz 

240 

^rms 

Line  Transient 
Response 

30 

-1 

AVin=3V 

— 

4.0 

mV/V 

Load  Transient 
Response 

30 

-40 

AIl=  -10mA 

1.0 

mV/m  A 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

27 

-5 

-55°C  ^ Ta 
^ 25°C 
25°C  ^ Ta 
^ 125°C 

-6.0 

-6.0 

+ 6.0 

+ 6.0 

mV/°C 

Startup  Input 
Voltage 

— 

29.0 

Volts 

Thermal  Shutdown 
Point 


sample  only 


165 


185 


C 


Table  10-9(cont'd).  Electrical  parameter  comparison,  device  type  09  (case  y) 
(-55°C  ^ Ta  — 125°C,  unless  otherwise  stated) 


1 

Characteristics 

Final  Recommendations 

1 Conditions 

I Limits 

V,  Input 
Voltage 

mA,  Load 
Current 

Other 

Min 

Max 

Units 

Ripple 

Rejection 

30 

*1 

-350 

Meter  BW 

10  Hz  to 
lOK  Hz 

50 

-- 

dB 

Oitput  Noise 
Voltage 

30 

1 

-100 

Ta  = 25°C 
sample  only 

1 

500 

/*  Vrms 

Line  Transient 
Response 

30 

**3 

-5 

1 

Ta=  25°C 
sample  only 

— 

30 

mV/V 

Load  Transient 
Response 

1 

30 

Ta=25°C 
sample  only 

1 

2.5 

mV/mA 

Average  Tempera- 
ture Coefficient  of 
Output  Voltage 

30 

1 

1 

-5 

sample  only 

-6.0 

+ 6.0 

mV/°C 

Startup  Input 
Voltage 

1 

Deleted 

1 

Volts 

Thermal  Shutdown 
Point 

1 

P/0  Burn-in 

°C 

! 

1 

* Vripple  @ 120  Hz  (rms) 
Vpulse 


+ + Ail 
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SEfTION  XI 


MIL-M-38510/109  PRECISION  TIMERS 


11.1  IntrocUict  ion 

The  specified  task  with  MIL-M-38510/109  was  to  review  and  evaluate  com- 
ments from  manufacturers  of  555  and  556  timers  and  markup  the  preliminary 
draft.  All  interested  device  manufacturers  had  reviewed  and  comm.ented  on 
the  preliminary  draft.  The  over-all  goal  was  to  issue  a final  slash  sheet 
to  assure  availability  of  quality  parts  at  a reasonable  price  for  military 
users. 

11.2  Background 

The  main  problem  encountered  with  accomplishing  the  stated  Cask  was 
that  nearly  every  manufacturer  did  not  really  know  his  device  well  enough 
to  respond  to  the  proposed  slasii  sheet.  Tliese  manufacturers  were  also  hesi- 
tant to  spend  the  time  and  money  to  determine  the  problem  areas.  However, 
one  manufacturer  did  indicate  a great  deal  of  interest  and  spent  the  time 
and  money  to  determine  his  yield.  Three  manufacturers  had  indicated  at 
least  mild  interest  by  commenting  on  the  preliminary  draft.  Their  devices 
iv«re  used,  as  required,  to  assess  potential  test/device  problems. 

The  three  main  manufacturers  were  Signetics,  Motorola  and  Fairchild. 

The  National  device  did  not  conform  to  the  device  truth  table  of  all  other 
manufacturers'  devices  and  therefore  was  dropped  from  the  slash  sheet. 

11.3  novice  Description 
11.3.1  Block  Diagram 

The  555  timer  block  diagram  is  shown  in  figure  11- 1.  It  consists  of 
two  voltage  comparators,  a flip-flop,  an  output  stage,  a discharge  transistor 
and  a resistive  divider.  The  resistive  divider  provides  retcrcr.ee  voltages 
of  1/3  V ^ and  2/3  V for  the  comparators.  The  threshold  cor.parator  uses 
the  2/3  re ference^and  the  trigger  comparator  uses  the  1/3  reference. 
When  the  trigger  comparator  input  is  less  than  1/3  V it  sets  the  flip-flop 
and  the  output  goes  to  a logic  "1"  state.  The  flip-flop  is  latched  to  the 
set  state  until  the  threshold  comparator  input  is  greater  chan  2/3  , at 

which  point  it  resets  the  flip-flop  and  the  output  goes  to  a logic  '0"  state. 
The  flip-flop  is  then  latched  to  the  reset  state.  The  flip-flop  can  also  be 
reset  by  a logic  "O"  at  its  reset  input.  Figure  11-2  shows  the  truth  table 
which  describes  the  device's  response  to  the  various  combin.ations.  A reset 
signal  on  the  RESET  line  overrides  the  set  signal  on  the  TRIGGER  line  (sec 
states  3 and  11  in  figure  11-2).  However,  a reset  sign-il  on  the  THRESHOLD 
line  does  not  override  the  set  signal  on  the  TRIGGER  line  (see  states  6 and 
10  in  figure  11-2),  The  discharge  transistor  is  off  when  the  output  is 
high  (set)  and  on  when  the  output  is  low  (reset). 
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Notes : 

1.  Some  devices  latch  high  for  < lOVDC 

2.  Discharge  transistor  follows  the  output  as  follows: 

Output  High  = Discharge  transistor  Off 
Output  Low  “ Discharge  transistor  ON 


Figure  11-2,  Device  truth  table 
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11.3.2  Circuit  Schematic 

Referring  to  figure  11-3,  the  timer  circuit  consists  of  two  comparators. 
The  threshold  comparator  is  made  up  of  Q1-Q8  with  the  output  of  the  compara- 
tor at  the  collector  of  Q6.  When  the  base  of  Ql  is  at  a higher  voltage  than 
the  base  of  Q4,  Q6  increases  its  level  of  conduction  from  its  collector  down 
through  Q15  or  Q16  (depending  on  the  base  drive  of  Q15).  The  trigger  com- 
parator is  made  up  of  Q10-Q13  with  the  output  at  the  collector  of  Qll.  When 
the  base  of  QIO  is  at  a lower  voltage  than  the  base  of  Q13,  Qll  will  conduct 
and  provide  base  drive  to  Q15. 

The  flip-flop  is  made  up  of  Q15-Q19  with  the  output  at  the  collector  of 
Q17  which  controls  the  base  of  Q20  (in  the  output  stage).  The  flip-flop  is 
set  by  turning  on  Ql5  which  forces  Ql6  off  and  Q17  on.  Q20  will  then  go  off 
and  make  the  output  go  high.  Even  when  Q15  goes  off,  Q17  will  stay  on  be- 
cause 016  does  not  have  base  drive.  The  flip-flop  is  reset  when  Q6  increases 
its  conduction  level  and  turns  on  Q16  which  forces  Ql7  off.  020  will  then 
go  on  and  make  the  output  go  low.  When  Q6  decreases  its  conduction,  Q16 
gets  its  base  drive  through  Rll  because  the  base  of  Q20  will  be  more  than 
two  diode  drops  above  ground  and,  therefore,  force  current  to  flow  through 
Rll.  When  Ql5  is  turned  on  to  set  the  flip-flop,  the  current  coming  through 
Rll  is  diverted  from  the  base  of  Q16  to  Ql5,  and  Q17  goes  on  as  described 
earlier. 

The  output  stage  is  made  up  of  Q20-Q24.  Q20  controls  the  output  stage. 
\7hen  Q20  is  off,  Q21  and  Q22  are  on  and  can  supply  current  to  the  load, 
while  Q24  is  off.  ^^;hen  Q20  is  turned  on,  it  turns  q21  and  Q22  off  and  turns 
Q24  on.  024  sinks  load  current.  When  excessive  sink  current  is  required, 

024  comes  out  of  saturation  and  its  collector  voltage  will  rise  until  Q23 
conducts  the  extra  current  into  Q20  and  to  ground  through  several  paths  (R15, 
base  of  Q24  and  base  of  Q14) . 

The  discharge  transistor  is  024  which  is  turned  on  when  Q20  is  on  and 
turned  off  when  Q20  is  off.  V-Jhen  Q23  conducts  to  help  sink  load  current, 
that  currer.  t provides  additional  base  drive  for  the  discharge  transistor. 

11.3.3  Monostable  Operation 

In  the  monostable  mode,  an  external  capacitor  is  charged  through  an 
external  resistor  (connected  to  and  discharged  through  the  discharge 

transistor.  The  THRESHOLD  line  monitors  the  capacitor  voltage  and  turns  on 
the  discharge  transistor  when  the  capacitor  voltage  gets  up  to  2/3  The 

discharge  transistor  stays  on  until  a set  signal  on  the  TRIGGER  line  (TRIGGER 
voltage  less  than  1/3  turns  the  discharge  transistor  OFF  and  allows  the 

capacitor  to  charge  up  again.  Figure  11-4  shows  the  schematic  for  monostable 
operation.  A .01  i^F  capacitor  is  recommended  at  CONTROL  VOLTAGE  pin  (2/3 
point  of  resistive  divider)  to  shunt  high  frequency  noise  currents  to  ground. 
The  RESET  line  should  also  be  connected  to  to  minimize  noise  pick-up 
problems. 


SCHEMATIC  555  OR  1/2  556  DUAL  TIMER 


Figure  11-3.  Schematic  of  555 


Vcc 


iMPur 


OUTPUT 


Figure  11-4,  Monostable  operation 
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11.3.4  Astable  Operation 


In  the  astable  mode,  a capacitor  is  charged  through  two  series  resis- 
tors and  discharged  through  one  resistor  via  the  discharge  transistor.  The 
THRESHOLD  and  TRIOOER  lines  monitor  the  capacitor  voltage  and  turn  the  dis- 
charge transistor  on  and  off.  Figure  11-5  shows  the  schematic  for  astable 
operation.  With  the  discharge  transistor  off,  the  capacitor  charges  up 
toward  When  the  voltage  gets  2/3  V^^,,  the  THRESHOLD  input  resets  the 

flip-flop,  turning  on  the  discharge  transistor.  The  capacitor  discharges 
toward  zero  until  it  reaches  1/3  The  TRIGGER  input  then  sets  the  flip- 

flop  which  turns  the  discharge  transistor  off  again,  and  the  cycle  repeats 
itself.  The  voltage  waveforms  of  the  capacitor  voltage  and  output  are 
shown  in  figure  11-5. 

11.3.5  Device  Idiosyncracies 

The  555  timer  was  originally  designed  to  satisfy  the  need  for  a low- 
cost,  commercial  timing  circuit.  Thus,  a device  with  inconsistencies  at  the 
output,  no  T^L  compatibility  of  reset  input  over  the  military  temperature 
range,  and  lack  of  accuracy  at  the  military  temperatures  came  into  being  to 
meet  the  needs  of  the  commercial  market. 

11.3.5.1  Output  Waveform  Idiosyncrasies 

The  output  waveform  has  five  basic  idiosyncrasies.  First,  a change  of 
slope  in  the  rising  edge  occurs  at  approximately  three  volts  with  at 

4.5  VDC  or  about  1.5  volts  below  Figure  11-6  shows  the  variation  in 

rising  edge  between  the  three  manufacturers  observed.  The  sequential  turn- 
on of  the  two  pull-up  transistors  (Q21  then  Q22)  is  the  apparent  cause. 

Second,  a discontinuity  in  the  falling  edge  of  the  output  waveiorm, 
wiiich  can  cause  double  triggering  of  a clock  input.  The  high- to- low  transi- 
tions for  the  three  manufacturers'  devices  are  shown  in  figure  11-7.  The 
load  dependence  of  this  discontinuity  is  shown  in  figure  11-8.  The  higher 
the  sink  current,  the  longer  the  time  to  reach  the  logic  "O'  level  and  the 
more  pronounced  the  discontinuity  appears.  The  discontinuity  occurs  about 
one  volt  above  the  logic  "0"  level.  The  apparent  cause  of  this  discontinu- 
ity is  that  q20  turns  on  which  turns  off  the  pull-up  transistors,  so  that 
021  and  022  are  off  while  Q24  is  still  off.  Therefore,  the  output  is  pulled 
low  through  Q23  so  that  the  output  voltage  is  approximately  one  volt.  When 
024  goes  into  saturation,  the  output  voltage  drcps  to  the  Vgat  Q24.  The 
higher  the  sinking  current,  the  longer  it  takes  the  base  current  to  saturate 
Q24,  which  explains  the  "tail  off"  variation  cbserved  in  figure  Ll-b.  The 
slight  rise  in  voltage  at  the  one  volt  level  is  probably  caused  by  this 
process:  as  the  load  current  increases  through  023,  its  forward  voltage 

increases.  Then,  as  Q24  starts  to  turn  on,  load  current  gets  diverted  from 
Q23  into  Q24. 

Third,  a step  voltage  c.iange  at  the  logic  "0"  level  has  been  observed 
as  shown  in  figure  11-9.  The  variation  between  manufacturers  was  quite 
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transition  at  output 


Figure  11-8,  Change  in  high-to-low  transition  at 
output  due  to  loading 
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These  photos  show  output  lopic  "0"  level  change. 


j~  L 


Monostable  Mode 


» 300 


Input 


Output 


Vgj.  “ 4.5  V dc 


R.  - 30011 

Lj 

V = 4.5  V dc 
cc 


Input 


Output 


Figure  11-9,  Variation  with  vendor  of  Logic  "0" 
step  in  monostable  mode 
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Figure  11-9  (cont'd).  Variation  with  vendor  of  logic.  "0" 

step  in  monostable  mode 
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dramatic  with  300-ohm  loading.  At  the  lighter  loads,  the  size  of  the 
voltage  step  becomes  reduced  significantly.  The  exact  cause  of  this  phenom- 
enon could  not  be  deduced,  and  the  manufacturers  were  no  help.  Figure  11-10 
shows  the  disappearance  of  the  voltage  step  with  no  pull-up  load  resistor. 

Fourth,  a dependence  of  discharge  time  on  output  loading  can  be  seen 
in  figure  11-11  for  one  manufacturer's  device.  This  can  cause  additional 
timing  errors  if  the  output  load  is  varying  or  if  the  pulse  width  is  set 
with  one  load  value  and  used  with  another  load  value. 

Fifth,  if  the  RESET  input  is  moved  slowly  through  its  reset  threshold 
level,  the  upper  and  lower  totem  pole  transistors  may  be  on  at  the  same 
time,  causing  excessive  power  dissipation  and  possible  device  failure.  This 
is  why  the  RESET  input  is  not  tested  with  a slowly  changing  voltage  ramp. 
This  seems  to  occur  mostly  at  high  temperatures. 

11.4  Table  I Parameter  Problems 

11.4.1  Reset  Level 

In  order  to  guarantee  the  reset  of  the  device  over  the  full  temperature 
range,  the  reset  input  voltage  must  be  less  than  0.1  VDC.  This  means  that 
the  device  cannot  be  reset  reliably  by  a T^L  output  over  the  military  tem- 
perature range.  In  fact,  if  a T^L  device  were  used  and  presented  a voltage 
level  close  to  the  reset  threshold,  device  failure  could  occur,  as  described 
in  11.3.5,  Device  Idlosyncracles. 

11.4.2  Timing  Accuracy 

The  accuracy  in  the  monostable  mode  was  lowered  from  ± 1.5%  of  calcu- 
lated value  to  ± 3%.  Most  vendors  did  not  comment  on  the  originally  speci- 
fied 1.5%  even  though  they  all  v/ould  have  experienced  a major  yield  problem. 

The  accuracy  in  the  astable  mode  was  lowered  from  ± 27-  of  calculated 
value  to  ± 13%  and  ± 16%  (for  charge  and  discharge  times,  respectively). 

The  distribution  is  not  centered  around  the  theoretical  value  for  the  low 
speed  configuration. 

11.4.3  Power  Supply  Limitations  for  556  Dual  Timer 

The  556  dual  timer  dissipates  more  power  because  it  contains  two  cir- 
cuits. To  avoid  excessive  dissipation,  the  designer  has  set  the  resistor 
values  slightly  higher.  This  tends  to  decrease  base  drive  and  transistor 
gain.  Thus,  the  556  supply  level  is  limited  at  the  lower  end  to  five  volts 
(instead  of  4.5  volts)  to  avoid  starving  the  transistors  of  base  drive  and 
limited  at  the  upper  end  to  15  volts  (instead  of  16.5  volts)  to  avoid  exces- 
sive power  dissipation. 
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with  300X1.  pull-up 
resistor 


Input 


Output 


This  vendor's  device  shows  dependence  on  output  loading.  The  output 
logic  "0"  step  does  not  occur  with  no  load.  The  pulse  width  changes 
with  loading  due  to  an  increase  in  discharge  time. 


Input 


Output  No  Load 


Figure  11-10, 


Effect  of  load  variation 
output  logic  "0"  step. 
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The  300-ohtn  load  reduces  discharge  time.  The  lower  photo  shows 
that,  without  a load,  discharge  time  can  exceed  60  microseconds, 
and  premature  retrigger  results  in  short  charge  time. 


11*5  Table  I Changes 

A comparison  of  the  table  I limits  (original  draft  versus  final  slash 
sheet)  is  tabulated  in  table  11-1,  Most  of  the  nev  limits  are  based  on 
requests  from  the  manufacturers,  especially  one  manufacturer  who  actually 
provided  tabulated  back-up  data  for  most  parameters. 

11.5.1  Supply  Voltage  Changes 

The  upper  end  of  the  supply  voltage  range  for  the  single  timer  was 
lowered  from  18V  DC  to  16.5V  DC  because  the  absolute  maximum  supply  level 
was  lowered  from  20  to  18.  Some  margin  for  variation  should  be  provided  to 
assure  device  reliability.  The  16.5-volt  level  was  chosen  because  it  Is 
10  percent  above  the  nominal  15-volt  supply  level.  The  tighter  supply 
range  for  the  dual  timer  is  discussed  in  11. A. 3. 

11.5.2  Low  Level  Output  Voltage 

Besides  changing  some  of  the  limits  on  this  parameter,  a lower  level  of 
sinking  current  was  specified  to  guarantee  T^L  compatibility  for  a specified 
condition.  Also,  a 100-microsecond  wait  before  measuring  Vqj^  was  added  to 
assure  no  excessive  stepping,  as  described  in  11.3,5.1. 

11.5.3  Deleted  Tests 

Two  tests  were  deleted.  The  Control  Voltage  Level  Test  is  not  neces- 
ary  because  the  Threshold  Level  Test  provides  some  assurance  that  the  con- 
trol voltage  level  is  correct.  The  AVij-j^/^i  Vql  Test  is  really  redundant 
with  Threshold  Level  Tests  at  various  supply  voltage  levels. 

11.5.4  Addition  of  a Test 

The  addition  of  the  Propagation  Delay  Time,  Threshold  to  Output  Test 
was  required  to  provide  a more  direct  control  of  an  error  source  for  timing 
accuracy.  This  delay  tends  to  be  an  order  of  magnitude  higher  than  the 
Propagation  Delay,  Low  to  High  Level  Output  (Trigger  to  Output)  Tests.  The 
12-microsecond  limit  was  chosen  based  on  one  manufacturer's  request  and 
bench  testihg  at  room  temperature.  One  manufacturer  had  indicated  that  an 
eight  -microsecond  limit  would  be  satisfactory,  but  bench  testing  indicated 
it  to  be  a typical  value  for  that  manufacturer's  device  as  well  as  others. 

11,6  Test  Circuit  Changes 

11.6.1  Output  Load  Changes 

The  output  load  changes  were  made  for  the  dynamic  tests.  In  some  cases, 
the  no-load  condition  is  the  worst  case.  The  sinking  of  load  current  can 
speed  the  turn-on  time  of  the  discharge  transistor  by  providing  extra  base 
drive.  Therefore,  for  the  astable  timing  tests,  a no-load  condition  is  the 
worst-case  condition.  A load- to- ground  configuration  could  have  been  used, 
but  one  manufacturer  requested  the  no-load  configuration  due  to  relay  driver 
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TABI£  ll-la  Comparison  of  Table  I Electrical  Performance  Characteristics  for 
MIL-M-38510/ 109 


ORIGINAL  DRAFT 


Conditions 


Limits 


Characteristics  ELECTRICAL 


Other  Min  Max  Units 


Power  Siipv’ly 
Current 


Trigger 

Voltage 


Trigger 

Current 


Threshold 

Voltage 


Threshold 

Current 


Low 

Level 

'•utput 

;?oltage 


Vcc  " 


A. 5 V cic,  output  low 
l8  V dc,  output  low 


4.5  V dc 


13  V dc 


4,5  V dc 


1}  V dc 


= Id  V dc 


25°C^T^^1?5'’  -5 
Ty\  - -55'’C  -5 


= -55'’C 
= 25°C 

= 125''C 

= -55°C 
= 25°C 

--  125'’C 


2. SO  3,20 

2.90  3.10 

2.90  3.10 


11.75  12.25 

11.85  12.15 

11.85  12.15 


''CC 

^sink 


tabu:  11-1  (cont'd).  Comparl»on  of  Table  I Electrical  Performance  Charac- 
teristics  for  MIL-M- 385 10/ 109 


Characteristics 


High 

Level 

Output 

Voltage 


Discharge 
Transistor 
Leakage  Current 


Discharge 
Transistor 
Saturation  Voltage 


Control  Voltage 
Level 


■Reset  Voltage 


Reset  Current 


^V. 


Sv 


TH 


CL 


ORIGINAL  DRAFT 


Conditions 


ELECTRICAL 


cc 
*-sourco 


4.5  V dc 

- 100  mA 


'■source 


"i8  V dc 

■ 100  mA 


cc 


18  V dc 


Vcc  = 18  V dc 

Ip  - 100  mA 


V 


cc 


= 4.5  V dc , 

VoL  & '^OH 
V^^  = 18  V dc, 


V = 18  V dc 
cc 


cc 


18  V dc, 


/ql,  Vp^  = ov 


Vj,^  = 18  V dc 
^Vq-j^  = 3V  (from 

12V  to  15V) 


Other 


-55°C 

25‘’C 

125°C 


Ta  = 
Ta  = 


-55°C 

25'’C 

125''C 


55'’c:lTy^  A 
A = 125“C 


25'’d 


55°C^^T^tL  25°(j 
= 125°C 


ALL  TEMPS 
ALL  TEMPS 


ALL  TEMPS 


ALL  temps 


ALL  TEMPS 


Limits 


Min 


2.4 

2.6 

2.8 


16.0 
16. 1 
16.2 


2.85 

11.8 


Max 


100 

3000 


1.2 

1.4 


Units 


3.  15 

12.2 


0.4 


-0.75 


0.95 


1.0 


1.05| 


TABLE  11. 1 (cont'd).  Comparison  of  Table  1 Electrical  Performance  Charac- 
teristics for  MlL-M-38510/109 


FINAL  SPEC 


Conditions 


Characteristics 


High 
Leve  1 
Output 
Voltage 


Discharge 
Transistor 
Leakage  Current 


Discharge 
Transistor 
Saturation  Voltage 


Control  Voltage 
Leve  1 


Reset  Voltage 


Reset  Current 


/C»VoT 


ELECTRICAL 


Other 


Limits  1 
Min  I Max  I Units 


Vcc  - 4.5Vdc/5Vdc  T = -55°C 
I = -100  mA  25°C£.Ta -•S  125^: 


Vj,^.  - 16.5Vdc/15Vdc 
^source  ~ *100  mA 


V^^  - 16.5vdc/15Vdc 


100  nA 

3000 


V^,^  = 16.5Vdc/15Vdc 
In  = 130  mA 


V-.  = 16.5Vdc/15A/dc  ALL  TCMPS 


V^c  = 16.5Vdc/15Vdc  ALL  TEMP*; 
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TABLE  11.1  (cont'd), 


Characteristics 


Capacitor 
Charge  Time 
(Astable) 


Capacitor 
Discharge  Time 
(Astable) 


Comparison  of  Table  I Electrical  Performance  Charac- 
teristics for  MIL-M-38510/109 


Limits 


Conditions  | 

ELECTRICAL 

other 

4.5Vdc^Vcc^  18Vdc 
R-r  = iKil,  Gi.=0.1uf 

-55*C<;TA^25t 
- 125°C 

4.5Vdc:£Vcc^l8Vdc 
R^,  = 1K.JI,  Gj=0.1uf 

-55”C£.T.  5 25°C 
-=  125“C 

4.5VdcaiVc(,-18Vdc 
R'p  = IkJl.,  Gp^O.  luf 

-55°c:ST^S  2?C 
- 125°C 

A.5Vdc:SVccS18Vdc  ALL  TEMPS  108.25  111.  75  us 

f 

Alir  TEMPS 


T^  = 25°C 


ALL  TEMPS 
ALL  TEMPS 

ALL  TEMPS 


ALL  TEMPS 
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TABLE  11,1  (cont'd).  Comparison  of  Table  I Electrical  Performance  Charac- 
teristics for  MIL-M-38510/109 

Characteristics 

FINAL  SPEC 

Conditions 

1 Limits 

Units 

ELECTRICAL 

Other 

Min 

Max 

Propagation 

Delay  Time,  Low 

To  High  Level 

Output 

A.SVdciVcc^  16.5Vd 
for  device  01 
5Vdc<Vcc^l5Vdc 
for  device  02 

Rx  ■ IKXL,  Cx“0.1uf 

: 

-55“C1£T.^25”C 
T^  - 125^C 

- 

800 

900 

ns 

Transition  Time, 

Low  to  High  Level 
Output 

A.5Vdc^Vcc-16.5Vdc 
For  Device  01 
5Vdc^Vj.j,<15Vdc 

For  Device  02, 

Rj,  - IfOT,  Gj  -0.1 

ALL  TEMPS 

300 

ns 

Transition  Time, 
High  to  Low  Level 
Output 

4.5Vdc^V^,j,Sl6.5Vdd 
For  Device  01 
5Vdc<Vcc^l5Vdc 

For  Device  02 

Rt  - IKil,  &r-0.1uf 

ALL  TEMPS 

300 

ns 

Time  Delay 

Output  High 
(Monostable) 

Same  as  above 

ALL  TEMPS 

us 

Same  as  above  excep 
Rj,  - lOOK^ 

ALL  TEMPS 

10.67 

11.33 

ms 

Drift  in  Time  Delay 
vs.  Supply  Voltage 

AVcc  “ 12V/ lOV, 

Rp  - iKiL,  Gp  = 0.1 

Ta  - 25“C 

- 

220 

ns/V 

Propagation  Delay 
Time,  Threshold  to 
Output 

4.5Vdc^Vj,j,^16.5Vd( 
SVdci  ISVdc 

- IK  A 

ALL  TEMPS 

- 

12.0 

1 

us 

TEMP  Coefficient  of 
Time  Delay 
(Monostable) 

Vj.^  - 16.5Vdc/15Vdc 
Rp  - IK/L,  C^-O.luf 

-55°C<Ta^251 

25'’C:ST^<125°C 

-11 

-11 

■ 

ns/  °C 

Capacitor 

Charge  Time 
(Astable) 

4.5Vdc/5Vdc:SVcc  ^ 
16.5Vdc /15Vdc  , Rp^- 
RTB^IKj'u.  Op-O.!  uf 

ALL  TEMPS 

120 

B 

US 

Same  as  above  excep 
Rta  “ ^B  * lOOK-TL 

ALL  TEMPS 

11.3 

15.0 

ms 

Capacitor 

Discharge  Time 
(Astable) 

4.5Vdc/5Vdc<V^^  < 
16.5Vdc/15Vdc,  Rta= 
R»pB  “ iK/l , Or— 0.1 

ALL  TEMPS 

57.5 

80 

us 

Same  as  above  excepi 

ALL  TEMPS 

ms 

Ka  " ^TB  ‘ 


TABLE  11,1  (cont'd).  Comparison  of  Table  I Electrical  Performance  Charac- 
teristics for  MIL-M-38510/109 


ORIGINAL  DRAFT 


Conditions 


Limits 


Characteristics 


Charge  Time  vs. 
Supply  Voltage 

Temp  Coefficient 
of  Capacitor 
Charge  Time 
(A St able) 

Reset  Time 


ELECTRICAL 


• 13.5V  dc 

V^c  “ 18V  dc 
R^^=Rjjg**lK-t^,  C^»Oi 


Other  Min  Max  Units 


55°C^Ta^25'’(:-25.0 
25°C£T»  i 125t  -25.0 


18Vdc  -55'’CS;Ta^25 

T.  - 125‘’C 
A 


Matching  Time  A.5VdciV  18Vdc  I T.  - 25°C 

Delay  Output  High  Rj.  = iK-fl^^^Cr'^O.  l^f 
(Mono) 


Matching  Temp  V^c  = 18Vdc  I -55‘’C  <Ta:£25^^-2.0 

Coefficient  of  Rt  = IkA,  Or“0.1uf  25°C :£Ta  < 125t  -2.0 

Time  Delay 

Matching  Drift  ^^cc  ” 13* 5V 

In  Time  Delay  vs.  R.J.  = IKA  T » 25‘’C 

Supply  Voltage  Cx  ■ 0.1  uf 


f 

I 


limitations  of  his  automatic  tester, 

f 

j 11.6.2  Monostable  Mode  - Charging  Resistors  (R-j) 

(■ 

! The  original  draft  used  a one-megohm  charging  resistor.  For  the  maxl- 

i mum  leakage  current  of  three  microamperes  at  125‘’C  and  for  the  low  supply 

voltage  as  the  capacitor  voltage  approaches  the  threshold  level,  the  voltage 
across  the  charging  resistor  approaches  1.5  volts,  so  that  the  charging  cur- 
rent approaches  1.5  microamperes.  Therefore,  the  device  would  not  operate 
if  its  leakage  was  near  the  maximum  allowed.  Even  much  smaller  leakages 
I would  degrade  accuracy  significantly.  The  one-megohm  resistor  was  changed 

I to  100  K ohms  to  avoid  this  problem. 

I 

I 11.6.3  Adapter  Test  Circuit 

I 

i The  static,  monostable  and  astable  test  circuits  were  all  combined  into 

S one  Adapter  Test  Circuit  to  reflect  the  automatic  tester  configuration  more 

closely. 

11.7  Burn-in  Test  Circuits 

No  changes  to  the  burn-in  circuits  were  made  because  there  were  no 
comments  on  those  in  the  original  draft. 

11.8  Other  Specification  Changes 

11.8.1  Addition  of  a mini-DIP  package 

An  eight- lead  dual- in- line  package  was  added  to  the  Case  Outline  and 
Power  and  thermal  characteristics  sections  as  well  as  figures  1 and  2. 

11.8.2  Table  II  Changes 

The  following  dynamic  tests  were  excluded  from  100  percent  tests  to 
avoid  any  requirement  for  manual  tests; 

Propagation  Delay,  High  to  Low  Output 
Propagation  Delay,  Threshold  to  Output 
Transition  Time,  High  to  Low  Output 
Transition  Time,  Low  to  High  Output 
Reset  Time 

For  the  group  C and  D end  point,  electrical  parameters  subgroup  1 tests  were 
added  to  the  class  B devices. 

11.8.3  Table  IV  Changes 

Most  of  the  changes  in  this  table  reflect  table  I changes.  The  only 
I significant  change  was  the  delta  limit  on  which  was  increased  from 

flO  nanoamperes  to  t 50  nanoamperes  due  to  repeatability  of  the  automatic 
j tester  when  measuring  a 100- nanoampere  current  level. 
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11.8.4  Schematic  Diagram  of  Timer 


I 


Circuit  A was  not  changed  from  that  specified  In  the  original  draft. 
However,  the  "old"  version  of  this  circuit  which  may  still  be  made  by  some 
manufacturers,  which  has  the  collector  of  QIO  tied  to  collector  of  Qll 
Instead  of  ground,  exhibits  a "no  start"  failure  In  the  astable  mode.  The 
problem  is  apparently  due  to  the  trigger  level  being  very  close  to  zero  volts 
vdiich  prevents  the  base  of  Q15  from  going  more  than  a few  tenths  of  a volt 
above  ground.  Thus,  Q15  cannot  turn  on.  In  any  case,  the  circuit  A sche- 
matic cannot  exhibit  this  problem. 

The  circuit  B schematic  of  the  original  draft  was  completely  deleted 
from  this  specification  because  It  does  not  conform  to  the  operation  of  all 
other  manufacturers.  The  manufacturer  of  this  device  was  advised  of  this 
change  in  the  specification  and  indicated  no  apprehension.  (That  manufac- 
turer is  of  the  opinion  that  the  555/556  timer  should  not  be  used  in  high- 
reliability  systems  over  the  military  temperature  range.) 

The  new  circuit  B schematic  Is  just  like  circuit  A except  Q26  and  Q27 
are  used  to  sink  current  to  ground  in  the  trigger  comparator.  Q26  operates 
from  saturation  with  the  trigger  high  to  class  A with  the  trigger  low. 

This  configuration  see  as  to  improve  the  speed  of  the  device.  Bench  tests  of 
these  devices  Indicate  a generally  superior  performance  to  the  circuit  A 
configuration. 

11.8.5  Addition  of  Truth  Table 

The  device  truth  table  was  added  to  specify  device  operation  for  both 
manufacturers  and  users  as  to  what  response  Is  expected  for  all  possible 
input  conditions.  The  device  response  to  one  combination  of  inputs  with 
less  than  lOV  DC  varies  depending  on  the  manufacturer,  but  since  this 
is  not  a normal  input  state,  a simple  identification  of  this  variation  was 
considered  sufficient. 

11.9  Discussion 

11.9.1  Potential  Problem  Areas 

The  555  and  556  timers  were  originally  designed  to  satisfy  a commercial 
marketing  need  for  a low  cost  versatile  one-shot  or  astable  multivibrator. 

The  device  application  should  be  very  carefully  evaluated  before  being  used 
over  the  full  military  temperature  range.  Some  of  the  main  potential  prob- 
lem areas  uncovered  are  summarized  as  follows: 

9 

(1)  Lack  of  T L compatibility  of  the  RESET  input  over  full  temperature 
range. 

(2)  Possible  catastrophic  failure  of  the  device  when  a marginal  reset 
level  is  presented  at  the  RESET  input. 
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(3)  Possible  double  triggering  of  clock  inputs  due  to  output  waveform 
inconsistencies  under  heavy  load  conditions. 

(A)  Dependence  of  pull-up  resistor  loading  on  timing  accuracy  due  to 
discharge  transistor  getting  base  drive  from  sinking  load  current. 

\ 

(5)  Excessive  leakage  current  can  cause  the  significant  timing  accuracy 
degradation  or  inoperability  with  low  charging  current  levels. 

11.10  Recommendations  for  Future  Effort 

11. 10.1  Addition  of  Special  Application  Notes 

It  is  strongly  suggested  that  a special  application  notes  section  be 
added  to  the  specification  to  alert  the  user  to  the  potential  problem  areas 
cited  in  11.9.1 

11.10.2  Addition  of  Another  Time  to  the  Specification 

Because  of  all  the  potential  problem  areas  associated  with  this  device, 
it  is  further  suggested  that  another  timer  be  added  to  the  specification  to 
provide  the  user  with  an  alternate  device  of  hopefully  higher  quality. 
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